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3Uinct  of  ^evi'Tork,  si. 

Be  it  remembered,  that  on Uietwtnty-eiglith  day  c£ March,  in 
the  thirty^ifth  yen  of  the  Independence  of  the  United  Btatetof 
America^  £t«rl  Ihofckinekf  of  the  sud  districtt  hath  deposited  in  this 
ofBee  the  title  of  a  book,  the  right  whereof  he  clauna  as  proprietor, 
in  the  words  following,  to  wit : 

<*  The  Theory  and  Practice  of  Surveying  ;  containing  all  the  In- 
■tructions  requisite  for  the  skilful  practice  of  this  Art.  By  Robert 
Gibson.  Illustrated  by  Copper-Platea.  The  whole  corrected,  newly 
arranged,  and  greatly  enlarged,  with  useful  SelectioHS,  and  a  new  set  of 
accurate  Mnlhematical  Tables.  By  D.  P.  Adams,  Teacher  of  the 
Mjttheroatics." 

In  conformity  to  the  act  of  the  Congress  of  the  United  States,  en- 
titled "  An  act  for  the  encouragement  of  learning,  by  securing  the 
copies  of  mims.  charts,  and  books  to  the  authors  and  propietors  of 
such  copies,  during  the  times  therein  mentioned.**  And  also  to  an  actt 
entitled  *<  An  act,  supplementary  to  an  act,  entitled  an  act  fiir  the  en- 
couragement of  leammg,by  securing  tfie  copies  of  maps,  charts,  and 
books  to  tlie  authors  and  proprietors  of  such  copies,  during  the  timea 
therein  mentioned,  and  )szt^ing  the  bcncfiti  thereof  to  the  arts  of 
d^igmng,  engraring,  and  etching  historical  and  other  prints.** 

CHARUBS  CUNTON, 
CYSBrjt  of  the  JKitrict  tf  Ahp^rsrt\ 
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DECIMAL  FRACTIONS.  5 

Add  6.3  m.906  .75  3.7  and  .0007  fay 
aether.    121..  06 

.75 

2.7 
.0007 


Sum=  190.95^ 


What  is  the  8um  of  637    1.036  .75   146.5 
8.7  526.  S.97  and  .0271  ? 
Answer  6dS.5431. 

What  is  the  sum  of  4.51  146.071  .507  .0006 
132.  62.71  .507  7.9  and  .10712? 
Answer  354.31372. 

SUBTRACTION  OF  DEaMALS. 

Write  the  figures  of  the  subtrahend  beneath 
those  of  the  minuend  according  to  the  denom  na- 
tion of  their  places,  as  directed  in  the  rule  of 
addition ;  then,  beginning  at  the  right  hand,  sub- 
tract as  in  whole  numbers,  and  place  the  decimal 
paint  in  the  difference  exactly  under  the  other 
two  pdnts. 

EXAMPLES. 

From  38.765  take  25.3741 
25.3741 


Differences.  13.3909. 


From  2.4  take  .8472 
.8472 


Diff.s  1.5528 


$  DEaMAL  FRACTIONS. 

iFrom  71.45  take  8.48379*8. 
Difference =62.9662752. 
From  84  take  82SiJ2. 
Diff.=  1.6588. 

MULTIPUCATION  OF  DECIMALS. 

Set  the  multiplier  under  the  multiplicand  with- 
out any  regard  to  the  situation  of  the  decimal 
point ;  and  having  multipliedas  in  whole  numbers, 
cut  off  as  many  places  for  decimals  in  the  product, 
counting  from  the  right  hand  towards  the  left,  as 
there  are  in  both  the  multiplicand  and  multiplier : 
but  if  there  be  not  a  sufficient  number  of  places 
in  the  product,  the  defect  may  be  supplied  by  pre- 
fixing ciphers  thereto. 

For  the  dehominator  of  the  product  being  an 
unit,  prefixed  to  as  many  ciphers,  as  the  denomi- 
nators of  the  multiplier  and  multiplicand  contain 
of  ciphers,  it  follows,  that  the  places  of  decimals 
in  the  product,  will  be  as  many  as  in  the  numbers 
from  whence  it  arose. 

EXAMn.ES. 

Multiply  48.765  by  .003609 
.003609 


438885 
292590 
146^^5 


Product=  .175992885 

Multiply  .121 
by  .14 

484 
121 


Products  .01694 


DECIMAL  FRACTIONS. 

Multiply  121.6  by  9.76 
2.76 


7296 
8512 
2id3 


Products  335.61 6 


Multiply  .0089789  hy  1085 
Prodiict=:9.74210&> 

Multiply  .248723  by  .13587 
Productr=  .03379399401. 

DIVISION  OF  DECIMALS. 

■ 

Divide  as  in  whole  numbers ;  observing  that  the 
divisor  and  quotient  together  must  .contain  as  ma- 
ny decimal  places  as  there  are  in  the  dividend.  li\ 
therefore,  the  dividend  liave  just  as  many  places 
of  decimals  as  the  divisor  has,  the  quotient  will 
be  a  whole  number  without  any  decimal  ligures. 
If  there  be  more  places  of  decimals  in  the  divi- 
dend, than  there  arc  in  the  divisor,  point  ofT  as 
many  figures  in  the  quotient  for  decimals,  as  the 
decimal  places  in  the  di viden(J  exceed  those  i  n  the 
divisor ;  the  want  of  })laces  in  the  quotipiit  being 
supplied  by  prefixing  ci))hcrs.  But  if  there  !)e 
more  decimal  places  in  the  divisor,  than  in  the  di- 
\idend.  annex  ciphers  to  the  dividend,  so  that  the 
decimal  places  here  may  be  equal,  in  number,  to 
those  in  the  divisor ;  and  then  the  quotient  will  be 
a  whole  number,  w^ithout  fractions. 

When  there  is  a  remainder,  after  the  division 
has  been  thus  perfornicd,  annex  ciphers  to  this 
remainder,  and  continue  the  operation  till  nothing 
remains,  or  till  a  sufficient  number  of 'lecimals  shall 
be  found  in  the  quotient, 


8  DECIMAL  FRACTIONS. 


EXAMIXES.. 


At  Divide  .144  fay  .13 
^  .19).144(1.3=::quotient. 

12 


24 
24 


0 
IKvide  63.72415456922  by  2718 
ll718)63.72413456922(.02344523979ss  quotient 
5436 


} 


9364 
8154 


12101 
10872 

12393 
10879 


13590 


6245 
5436 


8096 
5436 

26609 
24462 

21472 
19026 

24462 
24462 

0 


There  Wlif  kr4«tml  torel  iii  A64iividM 
and  noMiyklMdivMor)  11  fl^;areB«<etobecHt'off 
indw'aaotieM;  tet«  lb*  ^JMwnt.ilaetf  o(4l- 
nitoflf  Mt  iO'tigaMt  fieBat  to  Hbt/m  «  cipher  to 
complete  thiit  number.  «*'f  ' 

Divide  1.7«8  hy  .6t$ 

.019)1.7S8(I44»qtiotient. 
19 

53 

■'48 
48 

•MM* 

0 
Becsoee  the  number  of  decimal  figuiee  in  the 
divisOT  tmd  divi(fend»  are  alihe»  the  qvstieal  will 
be  integers. 

Divide  3  hy  3.1410 
3.1416)2.0000.0(0.636618+  <a- quolieat. 
188496 


^^ 


115040 
94348 


^t0rita^ 


307990 
188496 

194240 
188496 

57440 
31416 


360340 
251338 

'  ■  •  r  --I 

90134- 
G 


■  f. 


DECIMAL  FRACTIONS. 

Wlut  18  the  value  of  .6875  of  a  yard  ? 

3  =  number  of  feet  in  a 

ty*ni. 

2.06'i5 

12  =  number  of   indies 

[in  a  foot. 

.7500 

id  =immbcr  of  lines  in 

[an  inch. 

9.0000 

The  answer  here  is  2  ftet  i)  lines. 

Whftt  is  Oie  value  of  .084  of  a  furlong  ?     Ans.  3 

per.  I  yd.  9ft.  i!  in. 
What  is  the  value  of  ,fT83  of  a  degree?     Ans.  40 

m.  58  sec.  is  thirds. 
What  i«  the  value  of  .0053  of  a  mile.*      Ans.   1 

per.  3  yds.  -2  ft    5  iii.+ 
Wh.it  is  the  value  of  .036  of  a  day?      Atw,  51' 

50"  24'". 

PUOPOnTION 

IN  DECIMAL  FRACTIONS. 

Having  reduced  all  the  fractional  parts  iu  llic 
given  quantities  to  their  rnrrcsponding  decimals, 
and  having  stated  the  t^ee  known  tcmiB,  so  that, 
thefouith,  or  required  quautity,  may  bo  as  much 
greater,  or  less  than  the  third,  its  tlic  second  term 
is  greater,  orlcssthan  the  first,  then  multiply  the 
second  and  third  terras  together,  ami  divide  the 
product  by  the  lirst  term,  and  the  quotient  will  be 
the  answer; — in  the  same  denomination  with  the 
third  term. 


\ 


KXAJipn;?. 


If  3  acres  3  roods  of  land  can  lie  purchased  for 
93  dollars  60  cts.  how  much  will  15  acres  1  rood 
cost  at  that  rate  ? 


DECIMAL  FRACTIONS.  15 

« 

3  ac9.  5  rds.  ss    3  75  acrei. 
15  «c8.  1  rd    =  15.35  acres. 
%9S ,    60ctB.  =999.eo 
Then  S.75  :  15.35  :  :  98.60  : 

15.25 


46800 
18730 
46800 

9360 

; g  , 

3.75)  1497.4000(380,64=  Answer. 

1135 

3034 
3000 

3400 
QSSO 


1^00 
1500 


If  a  clock  gain  14  seconds  in  5  days  6  hourQ> 
liow  much  wiU  it  gain  in  17  days  15  hours  ?  Ans. 
47  secomb. 

If  187  dollars  85  cents  gain  12  dollars  33  cents 
interest  in  ayear>  at  what  rate  per  cent  is  this  in- 
terest?   Ans.  6^+ 


sacnoN  n. 

INVOLUTION  AND  EVOLUTION. 

IiivoLUTiON  is  the  method  of  raising  any  num- 
ber, considered  as  tlie  root,  to  any  required  power. 


]6 


DECIMAL  FRiVrnONS. 


Any  nuniher,  wiiether  given,  or  as8iune<I  at 
pleasure,  rauy  be  called  Uie  root,  or  first  power 
of  ttiis  iiurober  ;  and  its  other  powers  are  the  pro- 
ducts, that  result  from  multiplyiug  the  mimbcr 
by  itself,  and  the  last  product  by  the  same  num- 
ber again;  and  BO  on  to  any  number  of  mulUpli- 
cationa. 

The  index,  or  exponent,  ia  the  number  decot- 
ing  the  height,  or  degree  of  the  power,  being 
always  greater  by  one,  than  the  number  of  muUi- 
plications  employed  in  producing  the  power.  It 
ta  usually  written  above  the  root,  as  in  the  folloir- 
ing  EXAMPT.K,  where  the  method  of  involution  is 
plainly  exhibited. 


Required  the  fifth  power  of  8  } 
first  multiply  by      -     -     8  | 

then  multiply  the  product  64  = 
by         8 


the  root,  or  first 
power. 

y  ~  square,    or 
[second  power. 

.    31?  =8'=  cube.orthtrd 
8  [power. 

4096  =  8*  =  biquadrateor  . 
8  (fourth  power,  i 


I 


EX.VUFLilS   FOR   KXEKCISE. 

lat  is  the  second  power  of  3.05  ?    Ans.  9.S0So 
What  is  the    third    power    of  85.3  ?     -Vnswer,  ' 

6^0650.  i77 
What  is  the  fourth    [rower  of   .073?      Answer. 

0iJ0O28,39S241 
What  is    the   eighth    power    of    .09}     Answer. 

.00.00.00,0043046731 


I.WOLL'TION. 


Note.  When  ixvo,  or  more  pnx^ers  are  malti- 
i^ed  together,  thpir  product  is  thiit  power,  wb'iBe 
index  is  the  sum  of  the  indrces  of  the  fticton;,  or 
potren  mtritiplied. 

Evolution  is  tlie  method  of  eztracliug  any  re- 
quired root  from  any  given  power. 

Any  number  may  be  considereil  as  a  power  of 
Borae  other  number  ;  and  Uie  required  root  of  nny 
given  power  is  thai  iiumf>cr,  which,  beinj^  inultt- 
plied  into  itself  a  prticular  number  of  times,  pro- 
duces the  given  power ;  thus  if  81  be  the  giv«n 
number,  or  power,  its  square,  or  w^ond  root  is  0 ; 
becau8e9'*9=i>*==^SI  ;  and  .'Sir  its  biquadiate,  or 
fouith  root,  because  ;jx3x3x3==3*=8I.  Aijain, 
if  729  be  the  given  jiowor,  and  it--  cube  root  be  re- 
quired, the  fliiawer  is  9,  for  yxftxy^/aa,  and  if 
the  sixth  root  of  that  number  br.  required,  it  is 
found  to  be  3,  for  3x3x3x3x3X3=720. 

The  required  jKHVcr  of  any  ^ven  number,  or 
root,  can  always  be  obtained  exactly,  by  muUiply- 
iiig  the  number  cootinuatly  into  ii  telf;  but  there 
are  many  numbers,  from  which  a  proposed  root 
can  uever  be  completely  extracted  ; — ^yet  by  ap- 
proximating H-ith  decimals,  these  roots  nuiy  be 
found  AS  exact  as  necessity  requires.  The  roots 
tbatflre  founil  complete,  nre  denominated  rational 

»roots,  ami  those,  which  cannot  lie  found  cnmpletedf 
or  wluch  only  approximate,  are  called  «(r(4  or  trra- 
tjonsl  roots. 
Roots  are  usually  represented  by  these  charau- 
jtersor  exixmenta;" 
v*.  or  i  which  signinc-i  the  sqctarc  root;  thus. 
V9.  or  91=3 


'  or  *  cube  root ; 
,  or  »  hiqiudrate  root ; 


^64,  or  e-V»  =»4 
?/    Ui.  or  16^=!4 


18  EVOLUTION 

Ukewac  S^  figniftei  the  equsK  root  ctf  8 
«ndi  in  gcndnl)  Uig  '{radJonal  icK&oes  iBpljP* 
tbe  given  otimbrrs  nre  to  be  raised  to  wtii  pa 
a»  iirr  denolcd  by  tbcir  oumerators,  awl 

rwrfoare  to  be  extracted  from  tbi 
<l«*iiot'"l  by  thfir  dp  nominators. 

RULE 

Fpt  ertrncthig  the  &juare  Hoot. 

Seprdtc  tlw  given  number  into  periods  of  two 
(I^ur'M.  hy  piitling  a  loint  orcr  the  ptioc  of  units, 
iiilot|i(?r  o\'cr  thr  place  of  Immlreds,  and  mo  nrty 
ov*r  tvtiiy  Boctind  figure,  both  toward  the  left  hand 
m  wliclr  inimhern,  and  towurd  the  right  hand  ia 
Ihi'  Drcirjinl  uliices. — Wlicn  the  number  of  late- 
prnl  iilrtcea  is  "dd.  (he  first,  or  Icf^  band  period  will 
tnnsini  of  nnft  ligurf  only. 

Kind  thi'  grctih^fit  «|nare  in  the  first  period  on 
the  left  hnnd,  iind  write  its  root  on  the  right  haoil 
of  tilt"  ^ivcn  numlx^r.  in  tbe  mannered  ft  qoottent 
figure  til  divlnion. 

Sul)frar,t  the  Hqiinrc,  thus  found,  frum  the  sai< 
period,  fliid  to  tlif-  reiniiindET  annex  tlic  two  figures 
of  IhiMiext  fnllowing  period,  fnr  a  dividend. 

Pmible  the  root  nliavc  mentioned  for  a  divisor, 
and  find  boiv  often  it  is  contRine<l  in  the  said  di\i 
dedd,  exclusive  ot  its  right  hand  figure,  and  set 
lliis  quotient  botli  in  the  plnrc  of  Ilie  (|Uotient  and 
in  thtr  Jivinnr. — Thelx-stway  of  doubling  the  root, 
Iiifoiin  cacii  new  flivisor,  is  to  add  tlielast  figure 
iilways  to  tbe  Um  divisor,  as  it  is  douc  in  the  sub- 
nequent  exnmpks. 

Multiply  the  whole  nugmenlcd  divisor  by  this 
la::t  quotient  figure,  andsiibtrncl  the  pimluct  from 
the  naid  dividend,  biiuging  down  lo  it  tite  ne%' 
perioti  of  the  _p,iven  number  for  a  new  dividend. 


EVOLUTION.-^  19 

Repeat  the  tame  operation  agun ;  that  i8»  find 
another  new  diviflor,  by  doubling  all  the  figures 
now  feimd  in  the  rdot ;  from  whuii,  and  the  last 
dividend)  find'  the  next  figure  of  the  root  as  before ; 
and  80  on  through  ail  the  periods  to  the  last. 


NaU  1.  After  the  figures  belonging  to  the  given 
number  are  all  exhausted)  the  operation  may  be 
continued  in  decimals,  bj  an^exing  any  num- 
ber of  periods  of  ciphers  to  the  ramainder. 

3.  The  number  of  integral  places  in  the  root, 
is  always  equal  to  the  number  of  periods  in  the  in- 
tegral part  of  the  resolvend. 

3.  When  vulgar  fractions  bccur  in  the  given 
power,  or  number,  they  may  be  reduced  to  deci- 
mals, then  the  operation  will  be  the  same  as  before 

dictated. 

...  .  *  ■ 

Required  the  sqaare  root  ol  1710864. 


I 
I 


171O864(ia06»«iAii8W«r. 
1 


2S 
8 


71 


3608(a086i 
I  90864 


»  EVOLUTION. 

Required  the  square  root  of  16007.S10i. 


16007  JJl(H{l2aM=  Answer. 


1     I 


11 

60 

U 

1  1697 
1  1476 

2525 
5 

1  I3I31 
1  12625 

,  SS302    150604 
150604 


I 


SXAMri.£»  FOR  EXERCISE. 

Required  the  square  root  of  998116.    Ana.  546. 
Required  the  square  root  of  348.17320836.      Ans. 

18  fi594. 
Required  the  square  root  of  17.3056.    Aug.  4.16. 
Required  the  square  root  of  .000739.      Ans.    .097. 
Required  tile  square  root  of  l7f    Ans.  4. 168333+ 

A  GENERAL  RULE 

/or  extracting  aiii/  Jlooi  ivliatcver. 

Kind  by  trial  a  number,  which,  when  involved 
to  the  power  denoted  by  the  index  of  the  required 
root,  ehall  come  nearest  to  the  given  number, 
whether  greater  or  less ;  and  let  that  number  be 
called  the  assumed  root,  and  when  thus  involved, 
(lie  aesumed  power, 


I 


EVOLUTION. 


I 


Let  the  given  power,  or  number  be  repre-  >  — 
eented  by  J 

the  index,  or  exponent,  in  the  question  by  X. 
the  assumed  power,  by  A. 

the  assumed  root,  by  Q. 

and  the  required  root  by  R. 

Tlien"X+IxA+"X=ixG  :XrixG+"X=r|xA 
::Q:R. 

That  is,  as  the  sum  of  X+ 1  times  A  and  X— 
1  times  G, 

is  to  the  simi  of  X+1    times  G  and  X — 1 

times  A, 
ao  is  tbe  assumed  root,  Q., 
to  the  required  root,  R, — nearly ;  and  the 
coeratioo  may  be  repeated  as  many  times,  as  we 
cnuse,  by  using  always  tbe  root  last  found  for  the 
assumed  root,  and  this,  tuvdved  according  to  the 
given  index,  for  the  assumed  power.* 


EXABCPLBS. 

I.  Required  the  Cube  root  of  789. 

•  "  This  is  a  very  general  approxinuting  nile,"  asyi  Df. 
Hiitton,  "  of  which  that  for  the  cube  root  is  a  particular  case, 
and  in  the  bcu  adapted  for  practice  and  for  memory,  of  any 
that  I  bare  yet  seen.  It  waa  first  discovered  in  this  tbrra  by 
myaell^  and  the  inveatigation  and  use  of  it  were  given  at  large 
1»  oiy  Trsctk— .^ge  43  8tc." 


I  EVOLUnOK. 

Here  0=789.  X=S,  Q=9,  A=9'  =7»,'X+T 

Aiidi'<729='29l6    4x789=3156 
2x789-1578    2X729=  I«8 

Tlien  4+91  4614  :  :  9 :  9.«»+ 

9 

4494)4152S(9.»K)3+  {Am. 
40446 


I8I90 

17976 


IMOO 

1»489 


918  &c. 

In  the  foregoing  example  the  answer  is  strictly 
correct  in  its  integral  part  and  also  in  the  three  first 
Klecimal  places  i  but  if  more  decimals  were  wanted, 
and  if  ttieir  exactness  were  likewise  requisite,  the 
preacnt  answer  might  be  taken  for  the  assumed 
roo*,  and  the  whole  operation  should  lie  repeated. 

2.  Required  the  biquadrate  root  of  2.0743. 

HereG=3.0743,  C>=l.3,  A=TJ'  =9.0786.  X=4, 

X+l=5.  andX— 1=S. 
And   5xao73fel0.3680  5X2,0743=10.8715 
3x2.0743=  6.»*i9  3  x '2.0736=  6.9«)8 


Then 


16.5909         :  1659'.'S 

[:  ;  l.a  :  1.2001 +An4. 


LOGARITHM^.  aS 

Oeqiiired  thefifth  rootftf  31035.S  Ans.-?  ■^313't;, 

Required  theaixlhrootoi  31035.8  Atw.=»5.a>40+; 

Required  ihecuberootof  999  Aii8.= 5.9966 -fci 

Reqmred  the  fourth  root  of  97.41  Aus.-=3.14l6 

Betjiiired  tilt!  cube  rooVf)i  .ij.V  An9.".333'>J+ 

Ret(iiired  the  cube  root  nf  ^  Aqs^1.^99->7 
ReqtUKd  Ue  Mveath  root  of  3103d.S-     Answe- 


OF  tOGAIUTHMS. 

or,ARiTnMS  arc  a  aeries  of  numbers,  flO 
ved.  Uiat  by  them  the  work  of  rautiiilicatJon  maK 
be  performed  "jy  .icldili'oj) ;  and  (Itc  operation  of  dh 
vision  may  he  iloiie  by  subtraction.  Or> — Lnga* 
ritbtns  are  the  indices,  or  series  of  numbers  la 
,  aritlunetical  progressioa,  corresijonding  to  anolJier 
Series  of  numbers  in  geometrkol  progression. 
Tbus. 

I  0, 1 , 9, 3,  4,   5,   6,  Jfec.  Incfices  or  Logarithms. 
{  1,%4,8,  l6,3S,d4>&c.  GeometTicHl progmsioo.  • 

Or 
j  0,1,9,  3,   4,     5,      6,  &c.  IndorLog. 
(  1,3,9,97,  8t, 2-13, 799.  &C.  Geometrical  Series. 

Or 
(  0,    I,      9,        3,  4.  5,        6,&c.I.orL. 

(  1,  10.  100,  1000,  10000,  100000,1000000,  Stc. 
Geometrical  series. — whtre  tiie  samo  indices  serva 
equally  for  any  Geometrical  senc*,  or  progression. 
Hence  it  appears  I  hut  there  may  be  as  many 
kinds  of  indices  or  logarithms,  as  there  can  be 
taken  kinds  ol  geometrical  scries.  Hut  the  Loga- 
litliimmost  convenient  for  oommon  usw  ate  thoB« 


r 


LOGARITHMS. 

adapted  to  a  georaetrical  scries  mcresBing  in  a  ten- 
fold progression,  m  in  the  lust  of  the  foregoing 
examples. 

In  the  geometrical  series  I,  10,  100,  1000,  &c. 
if  between  the  terms  I  and  10,  the  nurabefs'^  3, 
■%,  5,  6, 7,  8,  9  were  inter[K>sed,  indices  might  also 
be  adapted  to  them  in  an  arithmetical  progression, 
suited  to  the  terras  interposed  between  1  and  10, 
considered  as  a  geometrical  progression.  More- 
over, proper  indices  may  be  found  to  all  the  num- 
bers, that  can  lie  interposed  between  any  two 
terms  of  the  Geometrical  series. 

But  it  is  evident  that  all  the  indices  to  the  num- 
bers under  10,  must  be  less  than  I ;  that  is,  they 
must  be  fractions.  Those  to  the  numbtra  between 
10  and  100,  must  fat!  between  1  and  9;  that  is, 
they  are  mixed  numbera,  consisting  of  1  and  some 
fraction.  Likewise  the  indices  to  the  numbers  be- 
tween 100  and  1000,  will  fall  between  Q  and  3 ; 
that  is,  they  are  mixed  numbers,  consisting  of  2 
and  some  fraction ;  and  so  of  the  other  indices. 

Hereafter  the  integral  part  only  of  these  indices 
will  be  called  the  Index  ;  and  tne  fractional  part 
will  be  called  the  Logarithm.  The  computation 
of  these  fractional  parts,  is  called  raa/cmg  Loga- 
riUims :  and  the  most  troublesome  part  of  this 
work  is  to  make  the  Logarithms  of  Prime  Xum- 
bers,  or  those  which  cannot  be  divided  by  any 
other  numbers  than  themselves  and  unity. 

RULE 


For  Computing  the  Logaritlnns  of  Xutnbo'i. 
Let  the  sum  of  its  proposed  number  and  the  next 
less  number  be  called  A.      Divide  0.8685889638  xt 
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by  A,  and  reserve  the<|uoUcnt  Divide  there* 
served  qiintient  by  the  «iiiarc  of  A,  and  reserve 
this  quotient  Divide  the  last  resen-ed  quotient  by 
the  ajnare  of  A,  reftening  the  quotient  still ;  and 
thus  proceed  as  I'lig  as  division  can  he  made. 
Write  1 1^  resco'ed  qaolienla  onlerlj  Under  one 
another,  the  brst  being  upjiermnBt.  Divide  lljoie 
qu-'tients  respectively  bv  the  odd  ntnnbers  1,  3,  5, 
7,  9.  1 1.  &c. ;  that  is.  iLvide  the  first  reserved  quo- 
tient by  I,  the  second  by  3,  the  third  by  5,  the 
fourth  by  7.&C.  and  let  these  q'  olients  be  written 
orderly  under  one  another  ;  add  them  togclhcr  and 
their  sum  will  he  a  logarithm.  To  this  logarithm 
add  the  logaritlim  of  the  next  less  number,  and  the 
aum  will  be  %he  logarithm  of  the  numl»er  proposed. 

I  foriD  of  Lord  Napier,  the  lataMir  of  luK-vilLnui.    1  br  inuiiwr  in 

L  wllich  Napier's  lo^ritlun  of  ID  is  friim'l,  ribv  Ix-  sm  in  m<Mt  boolu 

Lof  Algebra,  but  it  Im  bete  onmir.i    tir>-jii.<-   sm.Uni.  .ii"  -.^ir'/ejiag 

e  too  geoentlly  uiucquiintr^l  -  i--ii(c, 

d  the  su^ect  ii  loo  txxfi<-  <  i  ^kiw, 

iwc««T,  iroa  bive  not  an  oi'i ':  ■    itiio 

^  _ia  lubjc«t,  ouj  wltb  more  p!   ■,'■  umber, 

•sd  tlietrhf  b«  enabled  ti>  try  tiir  i.i>rr>-<.iTii'a'.  ni  wy  i..>j;jiiUir ihc 

'  "  •,  tlian   lecdvf  tbuae  tabid.  ■«  Inily  emupMltd,  Without  an; 
ui  oT  eMninins  their  auorac;-. 


or  LOCAMTHMS. 


Rcqnired  the  LogarRlim  of  the  number  'i 

Here  the  next  Ies8  numtier  is  I,  and  %+ 1  =3=^ 
A.  unJ  A',or3'=9;  then 

3)0,8(!8588964 

9)0.289531l&i-»-^  1= 0.2895-29654- 
9)0.032169962-!-  3=0-010723321 
9)0,003574440-^  5=0-000714888 


9)0-000397160-;-  7=0.000056737 

9)a0OOO44129-5-  9=0.000004903 

9)0.000004903 -;-l  I  =0.000000446 

9)0.000000545-4-13=0.000000042 

0.000000061  -i- 15  =0.0(X)0000Oi 

To  tilis  Logarithm  0.301029995 
addtheLogarithm  of  1 = O.OOPOOOOOO 

Their  Sum  =0.3010299g5=Log.of  S. 

The  m.^nnei'  in  which  the  division  is  h  re  carried  J 
on.  may  be  readily  jieiceived  by  dividing,  in  the  1 
first  pUce,  the  given  decimal  by  .\,  and  the  suc- 
ceeding quotients  by  A^;  then  letting  these  quo- 
tients remain  in  their  situation,  as  seen  in  tlie  ex- 
ample, divide  them  respectively  by  the  odd  numbers, 
and  place  the  new  quotieuts  in  a  column  by  them- 
selves. By  employing  this  process,  the  operation 
iloonsiderably  abbreviated.  ' 
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BXAUTLB  2, 

Required  the  LogantJim  of  the  number  S. 

Here  the  next  leas  number  is  2 ;  end  3+9   5= A> 
mid  A'=!25. 

5)0.868588964 

S5)0.17S717W-?-  1-0.17371779S 


I 

I 


25)0,0069487 12-!-  J=0,0023l6S37 
25)O00O977948-i-  5=0,00005.?.«9 


35)0.00001 1118-i-  7=.0,00000158« 


25)0.000000415-H  9=0.000000049 


o/xx)oooo)8-T-ii=o.ooooooaoi 


To  this  Logarithm     0.1 7TO 1 2.i9 
add  the  Logarithm  of  2=0,301(H999i 

Their  Sam=0,47712l2.H=Log.  of  3. 

Then,  because  the  sura  of  the  logarithms  of 
numbers,  gives  the  logarithm  of  their  product ;  and 
thetfjflerence  of  the  logaritlims,  gives  the  logaritJuTi 
of  the  quotient  of  the  numbers!  from  the  twa  pre 
ceding  lug.trithms,  and  the  logarithm  of  10,  which 
is  I,  a  great  m.iny  logarithms  can  be  easily  made, 
as  in  the  following  examples. 

Example  3.     Required  the  Logarithm  of  4. 
Siace  4=2X2,  then  to  the  Logarithm  of 

2=0.3010<!999.^ 
add  the  Logarithm  of  2=0..5:ll(>i99|| 

The  sum=Logarithm  of  4=0.60»0Sj 


9$  OF  LOGARITHMS. 

Example  4.    Required  the  Log^ithm  of  5. 

lO'T'S  heiDgrs5,  therefore  from  the  Log.  of 

10=1.000000000 
sabtract  the  Log.  of  3=0.301099995 

the  remainder  is  the  Log.  of  5=0.698970005 

Example  5.    Required  t'.e  Logarithm  of  6. 

6=3  xS,  therefore  to  the  Logarithm  of 

3=0.477191254 
add  the  Logarithm  of  2=0.301039995 

their  aum^Log.  of  6=s:0.77815l249 
Example  6.    Required  the  Logarithm  of  8. 


8=SP>  therefore  multiply  the  Logarithm  of 

2=0301029995 
hy  3 

The  product=Log.  of  8=0.903089985 

JExample  7.     Required  the  Logarithm  of  9. 

9^3^,  therefore  the  Logarithm  of 

3=0.477121254 
bein  g  multiplied  by  Q 

the  product=Log.  of  9-0.954242508 


I 


OF  LOGARITHMS. 

Eiuunple  8-    Required  tbe  Lognrithm  of  7. 

Here  Uie  next  less  number  is  6,  and  74  6- 1 3-  A, 
and  Atl69 
13)0.868588964 


I 


k 


169)0.0668145364-1=0.066814536 
l69)O.0003D5352-i-3=O0O0lSl7»4 

I  egjo-ooooca^sy -TO = 0.000000468 


0.0000000 1  ■l-e-7= 0.000000002 

To  this  L(^arilhm=0.066946790 
add  the  Log  of  6=0.778l5l'2'l9 

Their  smn=0.&i509S039=I^g.  of  7. 
'of  1 3  rofSmid*. 

ofll  [of  7aiid3. 

of  15  is  equal  to  the  stun  J  of  3ai)d£. 
The  Log.^  of  16       of  the  Log9.        )  of  4and  4> 
of  18  ofdaod6. 

of  SO  tof4ind6. 

Tbe  Logarithms  of  the  prime  numbers,  1 1,  \i, 
l7,  19.  &c.  being  computed  liy  tbe  toregoing  gene- 
ral Rule,  the  Logarithma  of  the  intermediate  num- 
bers are  easily  found  by  composition  and  division. 
It  may,  however,  be  ol)scrv'e(I.  that  the  operation  is 
shorter  in  the  larger  jirime  numbers  ;  for  when  any 
given  numherexcecite  -100,  the  li  st  quotient,  being 
added  to  the  Logarithm  of  its  next  lesser  number, 
will  give  the  Logarithm  nought,  true  to  8,  or  9 
plattes ;  and  therefore  it  will  be  very  eaHV  to  exa- 
mine any  su-ipected  Logarithm  in  the  Tables. 

/br  l/ie  airmigernent  of  l/'garithms  in  a  Table, 
the  method  of  finding  the  Logarilkm  of  any  naittral 
number,  and  oj  finding  the  natural  number  c 


fioadivfi  to  my  given  Logarithm,  Uterem  :  UkaUse 
for  ltart.ir.ular  ridex  amrerjuTig  the  Iiu/ica,  the  read- 
er loill  a-ntuU  Taf>le  \,  tvilh  ils  explanation,  gf  the 
nid  of  this  Treatise. 

MULTIPLICATfOX. 

Tm,  or  wore  numbers  being  git'^  to  Jhtd  ikeir 
produci  b^  lAigariiltms. 


i 


Haviiii{fouud  tliL'Logariliims  nf  tlie  giren  num- 
bcru  in  the  Talile.  add  tlu'in  togethor,  and  their 
Btmi  U  tlip  1-ogaritlim  of  the  jiroduct ;  which  Lo- 
giirilhiii,  hfiiig  fntiiid  in  the  Thble,  will  give  a  na- 
tural niiinhr^r,  that  i»,  the  product  required. 

VVimtfVpr  is  carried  Tmni  the  decinwJ  partof  the 
Lngarrlhiu  is  fo  f)e  added  to  the  affirmative  indices  ; 
but  »u!)t.rtict(;'i  frfini  the  negative.  Likewise  the  iu- 
dtccsniust  be  added  together,  when  they  are  «U  €>f 
the  BHiuu  kind,  tlial  is,  when  they  are  allaffinna- 
tive,  or  all  negative  ;  hut  when  iheyare  of  mfferent 
kinds,  Ihc  difference  must  be  found,  which  will  be 
of  the  saitie  deiioini nation  with  the  greater. 

T?AAnipIc  1.      Required  the  product  of  86l^.  i 
raultipliod  by  C.  i-8  ' 

Log.  of  86.25=1.935759 
Log.  of    6.18=0.811575 

I»roduct=558.9=Q,74733-l 

Kxnraple  2.    Required  the  product  of  ^ 
-3-^75 

Log.  of  ^6.75=     1.669782 
Log.  of  ..5375=— 1.515911 


I 


l'ro(lucl=  13.31  + 


I.18iil93 
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Example  S.     Required  tlie  product  of  3.768: 
2.053  and  .007693. 


0.576111 
0  ."51 2389 
.886096 


Log.  of  3.768= 
Lng.  of  2.a53= 
Lc^.  of  .007693= 


Product^  .0595ix=— 2  774596 

Example  4.     Required  the  product  of  07.63 
1.859,  .7258  and  O.S591. 


Log.  of  27.6S  = 
Log.  of  L859= 
Log.  of  .7  i58  = 
Log.  of  .03591  = 


1.441381 

0.9G9  79 

—1.860317 

—2  555^15 


Product  iiearly=l.S39  »     0.126692 

DIVISION. 

Tfvo  mtmbers  being  given^  to  find  how  many  timei 
me  is  contained  in  the  other,  by  L.'garithjns. 


BULE. 


rv 


From  the  Logarithm  of  the  Dividend  subtree 
the  Logarithm  of  the  Divisor,  and  the  remaindei 
will  be  the  Logarithm,  whose  corresponding  natu 
ral  number  will  be  the  Quotient  required. 

In  this  operation,  the  Index  of  the  Di\i8or  mus 
be  changed  from  affirmative  to  negative,  or  fron 
negative  to  affirmative ;  and  then  the  diffi3renc< 
of  the  affirmative  and  negative  Indices  must  Ix 
taken  for  the  index  to  the  Logarithm  of  the  Quo 
tient.  Likewise  when  one  has  ben  borrowed  ii 
the  left  hand  place  of  the  Decimal  })art  of  the  Lo 
garithm,  odd  it  to  the  Index  of  the  Divisor,  if  affir 
mative ;  but  subtract  it.  if  negative ;  and  let  ih 
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twkx,  tbence  anan^  be  «Iunge<l  and  workec 
w)Ut>  08  bdure- 

Exam|ile  1 .  Diviile  5SS.9  by  6.4S. 
Log.  of  558.9  -2.747.M4 
Log.  of    6.48     =0.811575 

Quotieiit=  86.25  —1.9357.59 

Enunple  3.  Divide  1.5.31  by  46.7S. 
Log.  of  15.31=  1.181975 
Log.  of  46.74-     1.6697M 

Quotient- .3275=— 1.515193 

Esunple  3.    Divide  .05951  by  .007693. 
Log.  of  .05951   =—2.774590 
Log.  of  .007693=— .3.886096 

Quotient— 7.7S5  -     0.88S49i 

Kxunple  4.  Divide  .665]  by  22.5. 
Log.  (4.6651=- 1.829887 
Log.  of  22.5     =     1.352183 

Quetienl— .02956=— 2.470704 

PROPORTION, 
Or  the  Rvle  of  Tliree  in  Logaritkms. 


Having  stated  the  three  given  terms  according 
to  the  rule  in  common  Arithmetic,  write  them  or- 
derly under  one  another,  with  the  signs  of  propor- 
tino ;  then  add  the  Logarithms  of  the  second  ami 
Ihird  terms  together,  and  from  their  sum  subtract 
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the  Lagaritfim  of  ih«  firflt  tBrm,  and  the  remainder 
wilt  be  the  Logarithm  of  the  fourth  term,  or  Aa- 
iwer. 

Or, — add  tngelhcr  the  Arithmetical  Compleroont 
if  the  Logarithm  of  the  fintt  term,  and  the  Loga- 
rithms of  the  second  and  third  terras ;  the  sum,  re- 
■cting  10  from  the  Index,  will  be  the  Logarithm 
of  the  fourth  term,  or  term  requirwl. 

N.  B.  The  Arithnie:ical  Complement  of  a  Loga- 
rithm is  wimt  it  wants  of  10,000000,  or  90,000000, 
and  the  easiest  wajr  to  Ijnd  it  i»  to  begin  al  the  left 
band,  and  subtrnct  every  figure  from  y,  except  the 
last*  which  fihouU  be  lakeo  from  10;  but  if  the 
index  exceed  9.  it  must  l>e  taken  from  19. — It  is 
requenlly  ustd  m  the  rule  of  I'toportion  nnd 
rrigonomctriciil  calouUilions,  to  ohAnge  Subtree- 
.ions  into  Additions. 


Iflt.  If  a  clock  gain  It  seconds  in  5  dn}^  IS 
lOiOT,  how  much  M-ill  it  gain  In  17  days  1^  haurv  ? 
.5.75  days  :  l,og.=0.7596l5S 


17. C^  days 
14  Seconw 


:;  Log.  =  L2-i6l2i) 
:  Log.=-<l. 146138 

a.392-257 


Answer  =42".  91 


»L6S2589 


thus;  5.75  days  :  Arith.  Co.  Log.= 

ll.fm    ::  Log.=  ).^6l99 

t  i  Seconds:  Log-^LUSlSS 


A  iiswtr   ^i\ 


91 
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9i.  Find  a  fourth  proportional  to  9-485,  l3Gd  and 

347.3. 

98.45    :     Log. =1.99321 6 

347.2    : :     Log.  =  2.54058a 
1.969    :    Log.s0.29424€ 

2.834826 


An8wer=6.944  =0.841 6lO 

3d.  What  nambcr  will  have  the  same  proportion 
to  .8538  as  .3275  has  to  .0131 

.0131    :  Log.=— 2.117271 

.3275::  Log.=— 1.515911 

.8538    :  Log.=— 1.931356 

—1.446567 

Answer  =21. 35=     1.329296 

ith.  Required  a  third  proportional  number  to 
UMi  and  4.821 

9.642    :  Log.=0.984l67 

1.821  : :  Log.  =.0.683 137 

.     4.821    :  Log.=0.683l37 


1  MCym 


Answei=2.  i 1 1    ---0.38'.2 107 

INVOLUTION. 

To  fuid  any  proposed  pMver  of  a  giieiuttnn(>cr  btj 

Los>aritli)iis. 

Rule.  Multiply  the  Logarithm  of  the  given  num- 
ber by  the  Index  of  the  proi^sed  power,  and  the 
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prodactwill  be  the  Logarithm*  whose  natural  nunv 
oer  is  the  power  required. 

When  a  negative  Lidex  is  thus  multiplied,  its 
product  is  negative,  but  what  was  carried  from  the 
decimal  part  of  the  Logarithm  must  be  allirmativc; 
consequently  the  difference  is  the  Index  of  the  pro- 
duct, which  difference  mast  be  considered  of  the 
same  kind  nvitli  the  greater,  or  that  which  was  made 
the  minuend. 

EXAMPI.E8. 

1 .  What  is  the  second  power  of  3.871  ? 

Log.  of  3.874=0.5881 60 
Index  =  2 


Power  required=  15.01    =1.176320 

2.  Required  the  third  power  of  tlic  number  2.768. 
Log.  of  2.768=0.4W166 


Imlcx 


4.P 


Aiis\vcr=21.91=1.3J!6i98 


;>.  Required  titafecoua  power  of  thcji 
Lost,  oi  .0857=— 1.4551] 


[number  .2857. 

mo 

I  utlex  =  '2 


A  nswer  =  .08 1  Cf2  -  —2. 9 1 1 8  20 

4.  Rcqnired  the  third  power  ot  the  number  .701  ff. 
Loo.  of   ,791(3-=— l.S9S50<; 
Imiex  =  3 


An<'wer=.  WHl  .^— 1 .0"y55l  S 


OF  LOGARITHMS. 

EVOLUTION. 

To  actract  any  proposed  RoA  of  a  given  nw/ider  bif 
LogttiiUims. 

RULE. 

Find  the  Logarithm  of  tlie  given  number,  and 
ilividc  it  by  the  index  of  the  pro|)03ed  rooli  the 

rilicnt  is  a  Log;arilhni,  whose  natural  munber  is 
root  required. 
When  the  index  of  the  Logarithm  to  be  diiid- 
ed,  is  negative,  and  does  not  cvactlj  contAtn  the 
divisor  without  some  remuinder,  iDcreaw  the  index 
by  such  a  number,  as  ivill  make  it  exactly  divisi-: 
ble  by  the  index,  carrying  the  units  borrowed  as 
so  maay  tens  to  the  lelt  hand  place  of  the  decbltaU 
aad  then  divide  as  in  whole  numbers. 

EXAMFLES. 

1.  Required  the  square  root  of  &i7. 
Index  2)<2.9^76a3=Log.  of  at?. 

1.463941  =Quot.=I^g.of29. 103+  =  aits. 

2.  Required  the  cube  root  of  847. 

Index  3)2.997883=L"g:  of  the  giWa  number. 

0.975y6l=Qiiot.=Log.of9.463=ans. 

[nearly. 

3.  Required  the  square  root  of  .093. 
Index  2)— ^.968483=  Log.  of  .093. 

—1.48-mi=Quot.=Log.of  .304959*  iiDSv 

4.  Required  the  cube  root  of  1234-5, 
Index3j4.0I'U91=Lig.  of  12345. 

lU>63830=^ot=Log.of23.ll6.=  Ans. 
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SECTION  IV. 
MLEMEATS  OF 

PLANE  GEOMETRY 


DEFINITIONS. 
,  See  Plate  L 

1.  Geometry  is  that  science  wherein  we  consider 
the  properties  of  magnitude. 

2.  A  point  is  that  which  has  no  parts,  being  of 
itself  indivisible ;  as  J. 

3.  A  line  has  length  but  no  breadth ;  as  JB,  fx- 
gates  1  and  2. 

4.  The  extremities  of  a  line  are  points,  as  the 
extremities  of  the  line  AB  are  the  points  J  and  B. 
figures  1  and  2. 

5.  A  right  line  is,  the  shortest  that  can  be  drawn 
between  any  two  points>  as  the  line  JB.  fig.  1.  but 
if  it  te  not  the  shortest,  it  is  then  called  a  cur\e 
line,  as  AB.  iig.  3. 

6.  A  superficies  or  surface  is  considered  only  as 
having^  length  and  breadth,  without  thickness,  as 
JBCD.  fig.  3. 

7.  The  extremities  of  a  superficies  are  lines. 

8.  The  inclination  of  two  lines  meeting  one 
another  (provided  they  do  not  make  one  continued 


ss 


GEOMETRY. 


line)  or  the  opening  between  them,  is  eslled  an  ' 
angle.  Thus  in  fig.  i.  the  inclination  of  the  line  JB 
to  the  line  BC  meeting  each  other  in  the  point  £, 
or  the  opening  nf  the  two  lines  BA  and  BC,  is 
called  an  angle,  as  ABC. 

Note,  When  an  angle  is  exprf  ssecl  by  three  let- 
ters, the  middle  otic  is  that  at  the  angular 
point. 

i).  When  the    lines    that  form  the    angle  are 
ri^it  ones,  it  is  then  called  a  riglit-linrd  angle,  t 
ABC,  fig.  4-.    If  one  of  them  \c  rjghl  and  the  . 
other  curved,  it  is  called  a  mixed-angle,  as  B.  fli*.  ( 
5.     If  both  of  t  hem  be  curved  it  is  called  a  curved-^ ' 
hned  or  spherical  angle,  as  ^.  fig.  6. 

10.  !f  «  right  line',  CD  (fig-  7)  fall  upon  ano 
ther  right  line,    AB,  so  as  to  incline  to  neither! 
side,  but  make  the  angles  ADC,  CDB  on  eachiJ 
side  equal  to  each  other,  then  those  angles  arej 
called  right  angles,  and  the  line  CD  a  perpea 
dicular. 


11.  An  obtuse  angle  is  that  which  is  wider  or| 
greater  than  a  right  one,  as  the  angle  ADE-  fig-. 
7.  and  an  acute  angle  is  less  than  a  right  one,  as  j 

.  EDB.iig   7. 

'  *^ 

12.  Acute  and  obtuse  angles  in  general  are  cal- 
led oblique  angles. 

1.^.  If  a  right  line  CB.  (fig.  8.)  be  fastenrd  at 
the  end  C,  and  the  other  end  B,  be  carried  quite 
round,  then  the  space  comprehended  is  called  a 
circle ;  and  the  curve  line  described  by  the  point 
B,  is  called  the  circumference  or  the  periphery  of  the 
circle ;  the  fixed  point  C  is  called  its  centre. 
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14.  The  deacribiog  liuc  CB.  (fig.  S.)  is  called 
ihe  semKlianietcr  or  raJiua,  so  la  an;  tbc  from  tbe 

centre  to  the*circuinrerencc:  whence  all  mdii  of 
the  same  or  of  equal  circles  are  equal. 

15.  The  diameter  Ufa  circle  is  aright  [ine  drawn 
Xhro'  the  centre, and  terminating  in  onfXMite  points 
of  the  circumference  ;  and  it  divides  the  circle  Aad 
circumference  into  two  equal  parts,  cjilled  .semicir- 
cles ;  and  is  double  tiie  radius,  as  AB  or  D£.  fig.  8.  4 

16.  The  circumference  of  every  circle  is  sup- 
Bed  to  be  di^dcd  into  3G0  equal  parts  called 

legrecs,  and  each  degree  into  60  equal  parts  called 
minutes,  ftnd  each  minute  into  GO  equal  parts  cal- 
ed  fieconds,  and  these  into  thirds,  fourths,  &c.  tliese 
parts  being  greater  or  less  :is  the  radius  is. 

17.  A  cliord  is  a  right  tine  drawn  from  one  end 
of  on  arc  or  arch  [that  is,  any  part  of  the  circum- 
fcrence  of  a  circle)  lo  tlie  other ;  and  is  the  measure 
of  the  arc  Thus  the  right  line //<?,  is  the  nica- 
-  ^e  of  tiie  arc  /fSG.  fig.  8. 

18.  The  segment  of  a  circle  is  any  |«rt  iberc 
of,  which  \n  cut  ofT  I)y  a  chonl:  Ibua  tlw  space 
which  is  comprehended  lx:twei>n  the  chord  HO 

ind  llifi  arc  "fip.  '*r  that  whicli  is  comprchcnd- 
'd   between    the    said  ciiord    //O    and   the   arc 

IIDjiEa  arc  called  stigmeiits.   Whence  it  Uplaitu 

«fr  8. 

I.  That  any  chord  will  divide  the  circle  ioto  two 
Mgments. 

^  Tbe  less  the  ehordis,  tke  more  unequal  »['e 
the  McgoKUh)- 


mil'  f.M,  :it\(\  ih'ii  lM?8<.f^';:'rJ/.-  arc  equal ;  aiii*iit:r: 

l!K  A  Ki-ctor  of  a  circlr-  i-.  a  [jarl  there-oi  k-s-f  :hLr 
M  Kiiiiirirc.il*,  which  is  oiitained  U-tween  :ir-.  r*- 
ilii  iiihI  fill  lire*:  fhim  ihc  spacf^  coiilained  ti^nrcen 
(he  (wo  radii  C/A  Clif  and  the  arc  If B  is  a  sec- 
lor.  lii-.  8. 

'20    Thr  li^hl  Biiur  oi  an  arc,  is  a  |)erpeDdicular 
iMif  l<«t  iall  Itoiii  OIK'  end  thereof,  to  a  diameter 
•  uwn  to  \\ir  Oih'*r  end  :  tlius  f/L  is  the   right 
t-    '  .  Ml.iMm^  ////. 

liic  hiiicH  (Ui  tlie  sanie  dianioter  increase  till 
W  \  i-oiiir  to  (hi*  eenlre,  and  so  become  the  ra- 
diii.M  hi  ii<  t'  it  is  phiiii  that  the  radius  CD  is  the 
j^ie.Mi.'Mt  pnHHihU:  hiiKs  And  thciice  is  called  the 
\\  hf'h'  Mine. 

^l^'•f•  (hr  whnic  nine  CI)  (fig.  8.)  must  be  per- 
prii  !it  iiliir  to  ihi- di.uncler  (hy  def.  QO.)  therefore 
|in"iniMni»  /)('\t)  A'lhr  twoiliamcicrs^/fiand  DE 
t'M.f.H  (iiif*  aii'>thn-  at  i'i(;ht  angles,  and  thus  the 
|t"i|}h(rv  iH  di\id(Ml  into  lour  e(|ual  parts,  as  BD^ 
1)  /.  .*/•;,  and,  i:i} ;  (l>y  (h'f.  10.)  and  so  BD  he- 
ei'.i.iHa  quad  ant  or  the  Imirth  pfirt  of  the  peri- 
|h.y:  tlMTtl'ie  the  radius  DC  is  always  the 
Ml!'.'*  ol  a  (piadiant,  or  of  the  iourth  part  of  the 
eiiilc  liD. 

Sines  an*  said  to  be  of  as  many  degrees  as  the 
a"-  e  intains  pari;;  ol  .%'():  so  the  radius  being 
til  •  sini"  ol  a  (juadiant  becomes  the  sine  of  J)0  de- 
i\  <  c.s  or  the  lomth  [xirt  of  the  circle,  which  is  5()0 
dc*i[;ees. 
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"^l.  The  verwd  sine  nfanarc  is  (hat  part  of 
iPthe  (lianirttTibatlies  between  the  right  sine  and 
^»e circumference:  thus  LB  is  the  versed  sioo  of 

he  arc  //B.  fig.  8. 

Q^.  The  tangent  of  an  nri;  is  a  light  line  ttJoch- 
Fiiig  the  prri[ih('iy,  tteing  |)er[)cn(liri!lar  to  the  end 
f  of  ihe  diompter,  and  is  ierniin;itpi!  hy  a  line  drawn 
L  from  the  centre  IIkcue;!]  the  other  oud  :  thus  BA'  h 
I  the  tangent  of  the  aic  //B.  fig.  8. 

5.  And  the  line  Trhich    icmunatca  Ibe  tan- 
,  that  isi  CA",  is  entiled  the  secant  of  ttic  are 

Br«.  fig.  8. 

'ii.  What  an  arc  wants  of  a  quadrant  U  calli^d 
[the  c<^n[Jemeiil  ihereoi :  Thus  Dff  is  the  com- 
ptemeat  of  the  arc  ff/J.  tig-  S. 

F  05.  And  what  an  arc  wants  of  a  semicircle  is 
^llcd  the  supplement  thereof:  thus  A/{  is  the 
lUpplcment  of  the  nrc  //B.  lig.  8. 

26^  The  .sine,  tangent,  or  secuni  of  llio  com- 
rpoment  of  any  arc,  is  called  the  ro-sine,  co  lan- 
I  gent,  orco-secantftf  the  arc  itself  itiuis  Fll'ti  the 
tmite,  Dl\\t<-  tangent,  and  CI  the  secant  of  the 

J /?//:  nr  thoy  art-  'he  (josine,  co-langent,  or 
Kant  of  the  arc  HB.  fig.  8. 

37.  The  Kinc  of  the  supplement  of  an  arc.  is 
"  twiine  with  the  biiic  of  i:if  nro  itseif  ;  (or  draw- 
Ejliera  according  to  de]',  '20,  there  results  ihe 
jl^flarae-llne:  thus  HL  is  the  sine  of  the  arc 
fl3t  or  of  its  supplement  A  OH.  fig.  8. 

'  38.  The  measure  of  a  right  Dned  angle,  is  tht- 
irc  of  a  circle  aWept  from  the  angular  poinU  ai'd 
G 
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contained   between  tbe  two  lines  that  form  the] 
■iigle  :  thus  the  angle    HCB  Clig.  8.)  is   mei 
ed  by  Iho  arc  HB^  and  is  said  to  contain   so  m 
degrees  as  tlie  arc  HB  does ;  so    it  the  ore 
)3  60  degrees,  the  angle  HCB  is  an  angle  of  ' 
degrees. 

Hence  angleq^re  greater  or  less  according  aa  the  I 
arc  def^cribtfd  about  the  angular  point,  and  l^idi-  I 
nated  by  the  two  sides,  contains  a  greater  or  lees  J 
number  of  degrees  of  the  whole  circle. 

29.  Tbe  sine,  tangent,  and  secant  of  an  nrc,^ 
tsatso  tbe  sine,  tangent,  and  secant   of  ati   anglel 
whose  measure  the  arc  is  .■  thus  bet-ausir  the  aroj 
VB  is  the  nieasuie  nj  tiie  angle  IICBy  and  since! 
HL  is  Ihc  sine,    BK  the   langenl,  and  CK  th&l 
secant,  SZ,  the  versed  sine,   ///"  the  co-sioe,   Df\ 
the  co-tHugent,  and  CI  the  co-secant,  &c.  of  th* 
arc  BH ;  then   HL  is  called  tbe  sine,  BK  lhe| 
tangent,  CK  the  secant,  &c.  ol  tlic  ailjfle  HQBy 
whose  measure  is  the  arc  HB.  Jig.  8. 

So.  Parallel  lines  are  such  as  are  equi-distant I 
from  each  other,  as  AB.  CD.  fig.  0. 

Si.  A  ngure  is  a  space  bounded  by  a  line  or| 
lines.  If  the  lines  be  right  it  is  rnlled  n  rebti-l 
lineal  figure,  if  curved  it  is  callfd  a  cil^vilinettl  I 
figure  ;  but  if  they  be  partly  righi  and  partly  cur-1 
Ved  lines,  it  is  called  a  mixed  figure.  ' 

S'S.  The  moat  simple  rectilineal  figure  is  atrial. 
gle,  Wing  composed  of  three  right  lines,  and  id 
considered  in  a  double  cupacity  ;  1st,  with  ret 
to  its  sides;  and  2d,  to  its  angles. 

Sa.  In  respect  to  its  sides  it  is  either  equilatemlJ 
luving  the  ttuee  sides eqoaUas  A.  %.  10. 
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a.  Or  iiNweeles,  luviiig  two  equal  ftideB,  as  B. 
g.  11.       .,» 

35.  Or  scalene,  ha\ing  £he  three  sidea  oneqiul. 
.C.fig.  19. 

w 

36.  1  n  respect  to  its  angles,  it  is  either  right- 
Ogtctl,  ha\iug  ouc  right  angle,  «3  D.  fig.  13, 

37.  Or  obtuse  angled,  havrogone  obtuse  aogLe. 
i  E.  Bg.  14. 

I  %.  Or  ncutftangled,  having  all  the  angles  acute, 
•  F.IIg.15. 

39.  Acute  anti  obtuse  angled  triangles  are  in 
general  called  oblique  angled  triangles,  in  all  which 
sny  side  may  be  called  the  base,  and  the  other  tw« 
the  sides. 

40.  The  picrpcndicular  height  of  a  triangle  is 
line  drawn  from  (he  vertPTt  to  the  base  peqien- 
"  ;uIaHv :  thus  if  the    trinugh' ,^BC,  be  proims- 

,  and  BC  be  made  its  base,  then  if  from  the 
vertex  A  the  perpendicular  AD  he  dr.iwn  to  BC, 
the  line  AB  will  he  the  height  of  the  triangle 
-^CiStaoding  onfiC7aails  busL\     Fig.  l6. 

Hence  all  triangles  between  the  same  parallels 
ave  the  sajoic  height,  since  all  the  perpendiculars 
e  equal  from  the  nature  of  parallels, 

X\.  Any  figure  of"  four  sides  is  called  a  qnadri- 
Biteral  figure. 

t  42,  Quadrilateral  iigures,  whose  opi>o3ite  adt-s 
parallel,    nre    called     jamllelograms  :     thu" 
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ABCD  U  a  parallelogram.    Ftg.  3.   17*  .flfiS'  Ah 

fig.  18  Mid  19.  '       -^^,      ► 

43.  A  ptiTAlIelognun  whoec  eldesarc.all  eqnal 
jHndaJlglts  right,  is  called  a  square,  as  ABCD. 
fig.  17. 

■i4>  A  parallelogram  whose  opposite  wdes  .ire 
equ.irftnd.HiiglM  ri^^ht,  is  called  a  rectangle,  ot-an 
oblong,  as  ^5CD.  iig.  3. 

■i5.  A  rhombus  is  11  parallelogram  of  equal  sides,' 
iqid  has  its  angles  oblique,  a%  A  Iig.  18.   and  iB 
an  inclined  si|H;ne. 

4.(1,  A  rliomboides  is  a  i)arallc|ogram   whose  < 
posito  Hides  are  equal  nnd  angles  oblique  ;  as  v^j 
Ijg.  ]9..aod  may  be  conceived  as  an  iucliiied  rect J 
angle.  • 

47.  Any  quadrilateral  Tigure  that  is  not  a  paral<J 
lelogram,  is  called  a  trapezium.  Plate  7-  %■  3- 

4S.  Figures  whicli  consisL  of  more  than  foiir,J 
sides  are  called  polygons  ;  if  ihe  sides  ore  all  equal, J 
to  each  other,  tliey  iim  called  regular   polygons.! 
They  si^raetimcs  ;ire  named  from  the  number  pf  | 
tlieir  Bides,  as  a  Jive-sided  figure  is  called  a  penta-" 
gou,  one  of  six  sides  a  hexagon,  &'c.  but  ir  their 
hides  arc  not  equnl  to  each  other,  tlien  tliey  are  ' 
called  irrcgiilar  polygons,  as  an  irreguliir  jieotagon, 
hexagon,  SCc. 

49.  Four  quantities  are  said  to  be  iu  proportion 
when  the  product  of  Ihe  extremes  is  eqnal  to  that 
of.  Jjic  means '  thus  if  A  multiplied  by  />,  bo 
cqwil  to  B  muUiplied  by  C,  Uieu  A  is  said  to  be  to 
fl  as  C  is  to  /7. 
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POSTULATES  OR  PETITIONS. 

1.  That  a  right  line  niav  be  drawn  from  any  one 
given  point  to  another. 

2  That  a  ri2;ht  line  may  be  produced  or  con- 
tmucd  at  pleasure. 

3.  That  from  any  centre  and  with  any  radius, 
the  circumference  of  a  circle  may  be  d  scribed. 

i.  It  is  .ilso  required  that  the  equality  of  lines 
and  angles  to  others  gi\cn,  he  granted  as  possible: 
tliat  it  is  possible  for  one  right  line  to  be  per- 
|3endiciilar  to  anotlier,  at  a  given  point  or  distance  ; 
and  that  every  magnitude  has  its  hall,  lliird,  lourth, 
&c.  part. 

Note,  Though  these  postulates  aio  not  always 
quoted  the  reader  will  easily  pcrcci\o  whero,  an(J 
in  what  sense  they  arc  to  be  understood. 

'     AXIOMS  or  :^elfeu(lcnt  TIlUTflS.       • 

1.  Things  that  arc  C(iu.il  to  one  and  the  same 
thing,  are  equal  to  each  other. 

2.  Every  whole  is  greater  than  ils  part. 

3.  Every  wlioic  I3  ec[ual  to  all  its  parts  'akos: 
together. 

4.  If  to  equal  things,  equal  things  bo  added,  the 
whole  will  be  equal. 

5.  If  from  equal  things,  equalthin.es  bcdf-.hv.:- 
ed  the  remainders  will  be  ((jua! 
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6.  If  to  or  from  unequal  things,  equal  things  be 
added  or  taken,  the  sums  or  remainders  will  be 
unequal. 

7.  All  right  angles  are  equal  to  one  another. 

8.  If  two  right  Unes  not  parallel,  be  produced 
towards  their  nearest  distance,  they  will  intersect 
each  other. 

9.  Things  which  mutually  agree  with  each  other, 
are  equal 

NOTES. 

A  theorem  is  a  proposition,  wherein  something 
is  proposed  to  be  demonstrated. 

A  problem  is  a  proposition,  wherein  something 
is  to  be  done  or  efiectcd. 

A  lemma  is  s^me  demonstration,  previous  and 
necessary,  to  render  what  follows  the  more  easy. 

A  corollary  is  a  consequent  truth,  deduced  from 
a  foregoing  demonstration. 

A  scholium,  is  a  remark  or  observation  made  up- 
on something  going  before. 
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THEOREM  L 

Pl.  \yjig,  20. 

IF  a  right  line  fail*  on  another^  aa  JtB^  or  EB^  doeo  on 
CDj  it  either  makes  with  it  two  right  angtesj  or  two  angte9 
equal  to  two  right  angles. 

1.  If  AB  be  perpendicular  to  CDj  then  (by  def. 
10.)  the  angles  CBA^  §nd  ABDy  will  be  each  a 
right  angle. 

3.  But  if  EB  fall  slantwise  on  CD,  then  are  the 
angles  DBE  +  EBC=DBE'^EBJ  (=^DBA)+ 
ABCy  or  two  right  aiigles.  ^.  E.  D. 

Corollary  1.  Whence  if  any  numbers  of  right 
lines  were  drawn  from  one  point,  on  the  same 
side  of  a  right  line  ;  all  the  angles  made  by  these 
lines  will  be  equal  to  two  right  lines. 

2.  And  all  the  angles  which  can  be  made  about 
a  point,  will  be  equal  to  lour  right  angles. 

THEO.  II. 

Pl.  \.Jig.2\. 

If  one  right  line  crots  anothrrj  (as  AC  d'^cs  BD) 
the  o/ifiosite  angle/t  made  by  those  linesy  will  be  equal  ik* 
each   other  :   that  m,  A£B  to   CED  and  EEC  to  AED. 

By  theorem  1.  BEC  •\-  CED  =  2  right  angles. 

and  CED  +  DEA  =  2  right  angles. 

Therefore  (by  axiom  1.)  BEC^CED=-CED^ 
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DFA:  UxkcCED  from  both,  and  there  remains 
BEC  =  DKA,  (by  axiom  5.)  .s2.  E  D. 

.After  tlie  same  manner  CED  +  AED  =  0  right 
angles  ;  an(l-/^/s'/)  +  -7/r/y'twonght  angles  ;  where- 
fore-tal.irinr /y/;/)  Irom  both,  there  n^mains   CED 

=-AEli!^.E.D. 

77//;o.  III. 

//"<7  n /•■/."  /i/.T  cross  iivj  /luraliclsj  as  CHI  d^^rs  AB  and  CD, 

\.   7\'irir  rvtrrnal  cvi;lfs  are  er/ucl  to  each    otkcr^   iha*. 

'J.  Thv  altrrna/r  angles  will  be  vniial^  that  /j?,  AEF  =  EFD 
iind  II KF  -•=  CFK.  ' 

o.  77/f'  r.rtt'7'tiaf  anrf/e:  tj'//  hr  cf;nal  to  the  intrrart 
ami  o/i/to.vtr  onr  on  the  aaivc  tifdc,  that  /Vj  GEB  :=JiFU 
and  ylKG  =  CFJi, 

A.  .•/'.'(/  the  sunt  f)f  thv  internal  invites  on  the  .same 
A/V/r,  arr  rr/ual  to  t^vo  ritr/:'  an^^ltw  ;  flw'  ia^  BEF-\-DFK  arc 
equal  tu  tiuh  n,(f/:t  anp^lr::^  and  AFF-^-  CFE  are  equal  to  two 
ritrht  ani^/i:.. 

I.  Since  -7/i  is  parallel  to  CD,  they  maybe  con- 
jrwderoM  as  r.ne  broad  line,  crossed  by  another  line, 
as  G/I;  (then  by  the  last  theo.)  GEIi=CF//y  and 
AEG^/IJD, 

a  Ako  CEB  =  AEF^ixml  CFII  =  EFD  ;  but: 
GKB  ==CFn{hy  part  1.  ol  this  theo.)  therefore 
AEF  =  EFD.  Tiie  sanie  v/av  we  prove  FEB  =^ 
EFC 

3.  AEF ^ EFD  ;  (hv  the  la^t  part  of  this  theo.) 
but  AEF  ^  GEB  \\)\  theo.  ±)  'I'herefore  GEB  = 
EFD.     Tiic  {?:inie  wa}-  ue  p.ovc  AEG  ^=^CFE. 
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4.  For  since  GEB  =EFD,  to  both  add  FEB, 
then  (by  axiom  4.)  GEB-¥FEB=EFD-¥FEB,  but 
GEB+FEBy  are  equal  to  two  right  angles  (by 
theo.  1.)  Therefore  EFD-VFEB  are  equal  to 
livo  right  angles :  after  the  same  manner  we  prove 
that  AEF-^CFE  are  equal  to  two  right  angles. 
2.  E.  D. 

THEO.  IV. 

Pl.  i.jisr-  23. 

Inmty  triangle  ABC^  one  of  its  Icgs^  aa  BCy  being  firoduc' 
cd  towards  />,  it  vfill  make  the  external  angle  ACD  equal  to 
the  two  internal  opposite  angles  taken  together.  Viz,  to  B  and  .f . 

Through  C,let  CE  be  drawn  parallel  to  AB;  then 
since  BD  cuts  the  two  parallel  lines  BA,  CE  ;  the 
angle  ECfl^  =  By  (by  part  3.  of  the  last  theo.) 
and  again,  since  AC  cuts  the  same  parallels,  the 
angle  ACE  =  A  (by  part  2.  of  the  last.)  There- 
fore  ECD^ACE=  ACD=B+A.  ^.   E.  D. 

THEO.  V. 

Pl.  l./g^.  23. 

In  any  triangle  ABC^  all  the  three  a?jgles,  taken  together^ 
are  equal  to  two  right  angles,  viz,  A-j-B.^  ACB  =  2  right 
angles. 

Produce  CB  toanv  distance,  as  Z),  then  (bv  the 
last)  ACD^B-\rA  /to  both  add  ACB;  then  ACD 
+ACB=A'¥B  -^  ACB;  but  ACD+ACB^'2 
right  angles  (by  theo.  1.)  ;  therefore  the  three  an- 
gles A  +  B  +  aCB=  2  right  angles.  Q.  E.   1). 

Cor.  1.  Hence  if  one  angle  of  a  trianf2;le  Ite 
known,  the  sum  of  the  other  two  is  also  known  : 
for  since  the  three  an.r;!c'S  ol  every  trian;:;lc  con- 
tain two  rijn:hl  oncP,  or  160  decrees,  Ihorciorc  180 

H       ' 
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— the  given  angle  will  be  cqnal  to  the  sum  of  the 
other  two  ;  or  180 — Ihe  sum  of  two  given  angles^ 
gi^es  the  other  one. 

Cor.  2.  In  every  right-angled  triangle,  the  two 
acute  angles  arc= 90  degrees,  or  to  one  right  an- 
gle: therefore  90 — one  acute  angle>  gives  the 
other. 

THEO.  VI. 

Pl.  1.^^.24. 

I  fin  any  tvio  trianglcsy  ABC^  DEF^  there  be  two  tides  j 
ABjjiCin  the  one,  severally  equal  to  DE,  DFin  the  otherj 
and  the  angle  A  contained  between  the  two  tide*  in  the  oncy 
equal,  to  D  in  the  other  ;  then  the  remaining  angles  ^f  the  ont^ 
wiU  be  severally  equal  to  those  qf  the  other,  viz.  BssE  and 
C:=z  F  :  and  the  base  of  the  one  BC,  will  be  equal  to  EFj  that 
of  the  other. 

If  the  triangle  ABC  he  supposed  to  be  la'd  on 
the  triangle  DEFy  so  as  to  make  the  points  A 
and  B  coincide  with  Z)and  E,  which  they  will  do, 
because  AB=DE  (by  the  hypthesis) ;  and  since 
the  angle  A=Dy  the  line  jiC  w.U  fall  along  DF, 
and  inasmuch  as  they  cire  supposed  equal,  C  will 
fall  in  Fj  seeing  therefore  the  three  points  of  one 
coincide  with  those  of  the  other  triangle,  they  are 
manifestly  ecual  to  each  other  ;  therefore  the  angle 
B=E  and  C7=/;  and  BC=EF.  2.  E.  D. 

LEMMA, 

Pl.  l.Jig.  11. 

If  two  sides  of  a  triangle  ab  c  be  equal  to  each  other,  that  is^ 
ac^=.cb  the  angles  winch  are  ofifiositc  to  those  equal  sides^  will 
also  be  equal  to  each  other  ;  viz,  a=b, 

For  let  tlio  triangle  rt  i  c  be  divideil  into   two 
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triangles  acitdc  b^hy  making  the  angle  a  c  d:=: 
deb  (by  postulate  4  )  then  because  a  c^b  c,  and 
cd  comnioo»  (by  the  last)  the  triangle  a  d  c^d  c  b; 
and  therefore  ihe  angle  a^b.  2,  £.  2). 

Cor.  Hence  if  from  any  point  in  a  perpendicular 
which  bisects  a  given  line,  there  be  drawq  right 
lines  to  the  extremities  of  the  given  one,  they  ^itb 
it  will  form  an  isosceles  triangle. 

THEO.    FIL 

Pl.  X.fig.  25. 

The  angle  BCD  at  the  centre  of  a  circle  AB^^  it  doubit 
the  angle  BAD  at  the  circumference^  ttanding  ufion  the  ^ame 
mrc  BJiD. 

Through  the  point  Ay  and  the  centre  C  draw  the 
line  JCE:  then  the  angle  ECD^CADy^CDA ; 
(by  theo  4.)  but  since  AC=CD  being  radii  of  the 
same  circle,  it  is  plain  (by  the  preceding  lemma) 
that  the  angles  subtended  by  them  will  be  also 
equal,  ann  that  their  sum  is  double  to  either  of  them, 
that  is,  I>^r+^/)6'isdouMetoCV/A  and  there- 
fore ECD  is  double  to  CAt)  ;  after  the  same  man- 
ne-  hCEy  is  double  to  CAliy  wherefore,  BCE^ 
ECDy  or  BCD  is  double  to  BAC+CAD  or  to 
BAD.  Q.  E.  D. 

Cor.  1.  Hence  an  angle  at  the  circumference  is 
measured  by  half  the  arc  it  subtends  or  stands  on. 

Fig.  36. 

Cor.  2.  Hence  all  angles  at  tlie  circumference  of 
a  circle  which  stands  on  the  same  chord  as  ABy  arc 
eqy:al  to  each  other,  for  they  are  all  measured  by 
half  the  arc  they  stand  on,  viz.  by  hall  the  arc  AB. 
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Fig.  26. 

Cor.  3.  Hence  an  angle  in  a  segment  greater 
than  a  semicircle  is  less  than  a  right  angle  ;  thus 
ADB  is  measured  by  half  the  arc  AB,  but  as  the 
arc  AB  is  less  than  a  aemicircle,  therefore  half  the 
arc  AB,  or  the  angle  ADB  is  less  than  half  a  semi- 
circle, and  conaequentlj"  less  than  a  right  angle. 

F'S-  27. 

Cor.  4.  An  angle  in  a  segment  less  than  a  semi- 
circle, is  greater  than  a  right  angle,  fnr  si  nee  the  arc 
AEC  is  greater  than  a  semicircle,  its  half,  which  is 
the  measure  of  the  angle  dBC,  must  be  greater 
than  half  a  semicircle,  that  is,  greater  than  a  tight 
angle. 


Cor.  5.  Auangle  in  asemicircleisarigbtangle, 
for  the  measure  of  the  iinglc  ABD,  is  half  of  a 
semicircle  AED-  and  therefore  a  rightangli 


\ 
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I/from  (he  tefHre  C  qf  a  tirtU  ABE^  iherr  he  In  fall 
firrpendicular  CD  on  the  chord  Ati.  ii  vill  bhecl  ii  m 
fioint  D. 


Let  the  lines  AC  and  CB  be  drawn  from  tlie 
centre  to  the  extremities  of  the  chord,  then  since 
C A =CBAhe  angles  CAB  =  CBA{hy  the  lemma.) 
But  the  triangles  ADC,  BDC  are  right  angled 
ones,  since  the  line  CD  is  a  perpendicular  ;  and  so 
tbetiXig,\eACD=nCBs  (by  cor.  2.  theo.  5.)  then 
have  we  AC,  CD,  and  the  angle  ACD  in  one  trt-^ 
angle;  severally  equal  loT^,  CD,  and  the  a: 
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BCD  in  the  other :  therefore  (by  thea  6.)  A—DB. 
S.  E.  D. 

Cor.  Hence  it  follows,  that  any  line  lusecting 
K  chord  at  right  angles,  is  a  diameter ;  for  a 
line  drawn  from  the  centre  perpendicular  to  a 
chord,  bisects  that  chord  at  right  angles ;  there- 
fore, conversely,  a  line  bisecting  a  chord  at  right 
angles  must  pass  through  the  centre,  and  conse- 
quently be  a  diameter. 

THEO.  IX. 

If  from  the  centre  of  a  circle  ABE  there  be  dravm  a  fierfienr 
dicular  CD  on  the  chord  AB^  and  firoduced  till  it  meef  the 
circle  in  Fy  that  line  CFy  will  bisect  the  arc  AB  in  thefioint  F. 

Let  the  lines  A  Fund  BFbedrsLwn,  then  in  the 
triangles  JDFy  BDF;  AD  =BD  (by  the  last ;) 
DF is  common,  and  the  angle  ADF^BDF  being 
both  right,  for  CD  or  DF  is  a  perpendicular. 
Therefore  (by  theo.  6.)  AF^FB  ;  but  in  the 
same  circle,  equal  lines  are  chords  of  equal  arcs, 
since  they  measure  them  (by  def.  19.):  whence 
the  arc  AF^FB^  and  so  AFB  is  bisected  in  Fj  by 
the  line  CF, 

Cor.  Hence  the  sine  of  an  arc  is  half  the 
chord  of  twice  that  arc.  For  AD  is  the  sine  of 
the  arc  AF,  (by  def.  92 )  AF  is  half  the  arc,  and 
^Z)  half  the  chord  ^^  (by  theo.  8.)  therefore  the 
corollary  is  plain. 

THEO.  X. 

I 

Pl.  \, fig,  20. 

In  any  tnangle  ABDj  the  half  of  each  Mtde  m  the  sine  of  the 
vftfionte  angle. 
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Let  t]ie  circle  ADB  be  drawn  through  the  pcunts 
Ay  By  T) ;  thptithe  angle  DAB  is  measured  by 
halfthearc  ^A'Z),  (by  cor.  1.  theo.  7.)  viz.  the 
chord  of  BK\%  the  measure  of  the  angle  BAD  ; 
therefore  (by  cor.  to  the  last)  HEW\^  half  ol  BD 
18  the  sine  of  BAD :  the  same  way  may  be  proved 
that  half  of  AD  is  the  sine  of  ABDy  and  the  half 
of  AB  the  sine  of  ADB.  2.  E.  D. 

THEO,  XI. 

Pl,  X.fig.  22. 

If  a  right  line  GH  cut  two  other  right  lines  A  By  CDy  90  c* 
to  make  the  alternate  angiet  AEFy  EFD  equal  to  each  othery 
then  the  lines  AB  and  CD  will  be  fiarallel. 

If  it  be  denied  that  AB  is  pa-allel  to  CDy  let 
IITbe  parallel  to  it ;  then  I/CF={EFf))^AEF-  by 
par*  9  theo.  3.)  a -greater  to  a  less,  which  is  rb- 
8u  d,  whence  /iT  is  not  parallel  ;  cind  the  like  we 
can  prnv<'  of  all  other  lines  but  AB ;  therefore 
AB  is  parallel  to  CD.  2.  E.  D. 

THEO.  XII. 

jPl.  X.Jig,  5. 

If  two  equal  and  Jiarallel  lines  AB^  CD^  be  joined  by  itM 
other  lines  ADy  BCy  those  shall  be  also  equal  and  fiarallei. 

Let  the  diameter  or  diagonal  BD  he  drawn,  and 
we  vv  11  have  the  triangles  ABDy  CBD :  whereof 
Ail  in  on  is=to  CD  in  the  other,  BD  common  to 
both,  and  the  angle  ABD^CDB  (by  part  2.  theo. 
3.  ;)  tl.eufoie  :by  iheo.  6.)  AD=CBy  and  the  an- 
h  CBD -^  AD  By  and  thence  the  lines  AD  and 
C  aic  paiallcl,  by  the  preceding  theorem. 

Cor.  I.  Honce  thequadrilateraHigure-i5^Z>  is 
a  parailclogiam,  and  tiie  diagonal  BD  bisects  the 
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same,  inasmuch  as  the  triangle  JBD=BCDy  as 
now  proved. 

Cor.  2.  Hence  also  the  triangle  ABD  on  the 
same  base  JBy  and  between  the  same  parallels  with 
the  parallelogram  ABCDy  is  half  the  parallelogram. 

Cor.  S,  It  is  hence  also  plain,  that  the  opposite 
sides  of  a  ()aralIelogram  are  equal ;  for  it  has  been 
proved  that  ABCD  being  a  parallelogram.  AB  wi|l 
be=CD  and  AD^BC. 


THEo.  xni. 


Pl.   l.Jig.  31. 

• 

M  fiorailelograms  on  the  same  or  equal  baacs  and  hetv)eett 
the  same  tmraltelsy  are  equal  to  one  another^  thatie^  if  BD^z 
GH^  and  the  Unea  BHand  AFfiaratlel^  then  the  fiarallelograni 
ABDQ^BDFR^EFHG, 

For  AC=-BD=^EF  (by  cor.  the  last  ;)  to  both 
add  CE  then  AE=CF.  In  the  triangles  ABE, 
CDF;  AB--CD  andAE^CFand  the  angle  BAE 
=^DCF  (by  part  3.  theo.  3.  ;)^herefore  the  triangle 
ABE  =  CDF,  (by  theo.  6.)  let  the  triangle 
CJi^E  be  taken  from  both-  and  we  will  have  tnc 
trapezium  ABKC—KDFE;  to  each  of  these  add 
the  triangle  BKD,  then  the  parallelogram  ABCD 
^BDEF;  in  like  manner  we  may  prove  the  paral- 
lelogram E  FGH^ B DEF.  Wherefore  ABDC^ 
BDEF^EFHG.    2.    E.    D. 

Cor.     Hence  it  is  plain  that  triangles  on  the 
same  or  equal  bases,  and  between  the  same  i)aval- 
lelsj  arc  equal,  seoing  (by  cor.  2.  theo.  IQ.)  they  art 
the  halves  of  their  respective  paralleloj^ranv 
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TBEO.  XIV- 

Pl.  I.  fg.  33. 

In    rvenj  righttingUii   triangle,  JiBC,  Ihi-  nt/uare  V''^Ufl 
/ti/flaififfi'iaf  or  iongrff  tide,  BC,  or  SCMH,  h  e^uoitoU^ 
sum  <if  Ihr  »quarf»  madr   on    l/ir  other  Imo  tidi's  .IS  ff»if  >4q 
iho!  U^  ABD£  and  ^CGF. 

Through  A  draw  AKL  perpeniiicular  to  the  hW 
potheiiUHe  JC  join  A H, .4 !\U  DC  &nA  BG;  in  the 
triajigles,  BDCyABH.  B/)=Z?^bcine  sides  otth^d 
samr  square,  anJ  also  BC=Bl(,  an<l  the  included!  " 
angles  DBC^ABII.  (for  /Jii.f-r/?// being  botS 
right,  to  both  add  ABC^  tlicn  DBC=ABH)  there- 
fore the  triangle  DBC=ABH  (W  theo.  6.)  but  the 
triangle  DBC  is  half  of  the  square  ABDE  (by 
cor.  3.  theo,  12.)  and  the  triangle  ABH'a  half  the 
parallelogram  BKLH.  The  wime  way  it  may  be 
proved)  that  thesquare  ACGF,  is  equal  to  the  pa- 
rallelogram KCLM.  So  A£DE+ACGF  the  aiun 
of  the  squaTes=BA'LH+A'^CML,  the  sum  of  the 
two  paralltlograras  or  square  BCMff;  therefore  the 
8Um  of  the  squares  nn  AB  and  AC  is  equal  to  tlKiJ 
square  on  BC.  3.  E.  D. 

Cor.  1.  Hence  the  hyp<itheiiuse  of  a  right-a 
glcd  triangle  may  Ik  found  by  Iiaviiig  the  sjdet 
thus,  the  square  ront  of  the  sum  of  the  squareso 
the  base  ftud  perpendicular,  will  be  (hehyixihei 

Cor.  9.  Having  the  hypothcnuse  and  one  i 
given  tofind  the  other;  theequwrerootof  thediffer 
ence  of  the  squares  of  the  hypolhenusennd  §" 
side,  will  be  tlie  required  side. 


Pi..  l.Jft;.  .-is. 
>rd  \f  60  drgrrc»  i*  ahao^i  njHul  ^ 


rffEORE%©, 
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Thu$  in  thenrvie  ASRO,ifihr  art  jlgB  6e  an  are  of  iO 
(ttgrtti,  andUittJkordJtB  be  dravm:  ihtti'jiB=CJ3=.^C. 

In  the  triangle -^jffC,  the  angle  4CB  ts  60  de- 
grees, being  riieasiired  by  the  arc  AEB  ;  lliercfore 
the  sum  of  theolher  two  angles  it  130  degrees 
(by  '^  or.  I  'hro.  5.)  butsiiicc  /iC=CS.  iLenuglc 
(^AB=CBA{h^  lemma  preceding  liieo-  Tjcoo- 
^liqiiciitly  eacli  of  them  v,  ill  be  60,  the  lialf  o[  140 
decrees,  and  the  three  anglea  will  be  equal  tn  ine 
«ni^tbei,a8wc'lastlic  three  sides:  wiiereIorev^i?«= 
L  BC=AC.  2.  ED. 

iPoir.  Honce  the  rad'us,  from  ivlicnce  the  Unw 
[  o^.aiiy  ^tcale  arij  fitrtoed,  is  ihe  ctiord  ot  60  degree* 
I  4f fl  Lbp  U«e  qt  choide 


'  -'■■.     ..  ■■    \\   ■'■ 

■      J(flh  two  triangh*  jiBC.  ahe,  nU  '^  angle*  tf  tmt  6<  tvi 

r^s6,  C=c:  thru  Ihe  iidet'afl^atile to  the  e^itul angtet  wHl 
I  ke pr^fioTtinnal.vi:, 

Jia  :  oh  !  :  AC  :  at 
JtB  :  ah  :  :  BC  :  5e 
Ktui  AC  :  ae  :  -■  BC  .-  Ac 
« 
F*>r  tlie  trianglea  lieing  inscribed  in  two  rirclcN 
I  it  IB  pUin  sincT  the  arifile  .V  =  f(,  Uie  arc  BDC= 
\6iif,  nnd  consequently  tfie  ohora  BC  UtoAr,  jip 
I  the  radius  n[  the  circle  .^BC  is  to  the  radiir^  of 
I  th"  circle  a6c  ;  (for  the  greater  the  racHus  is,  the 
J  greater  is  the  circle  described  by  that  rHdius  ;  and 
loonseqoenlly  the  greater  nny  larlicnlar  arc  of  that 
I  circle  18,  sntlie  chord,  fiinr,  tungtnt,  J^'c   of  th{it 
r  arc  will  be  also  gre;iter.     Therefore,  in  general,  tho 
chord,  sine,  tangent,  SCc.  of  any  arc  is  propnrlimial 
to  the  I  adins  of  the  circle ;)  the  same  way  the  choT*^ 
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AB  is  to  the  chord  ady  in  the  same  proportion. 
So  AB :  ab::  BC :  be  ;  the  same  way  the  real  may 
be  proved  to  be  proportional, 

TffEo.  xvn. 

PO.JIg.SS. 

Jjfrvm afioint  A  vithouta  cirelt  DBCE  tktrt  be  dram  tw 
One*  ADE,  ABC,  rach  <ifthem  cutting  tht  drekin  Iwofitrnt*  t 
itte  pnduti  ^  one  whole  line  into  iii  rxtemalfiarf  viz.  AC 
into  AB,  will  tit  equal  to  that  of  tht  othrr  tint  iTUoiiM  extenul 
part,-viz.  AM  into  AD.  ^. 

Let  the  lines  DC,  BE,  be  dra\m  in  the  two  \n- 
anglesyfB£.  ADC ;  \hea.x\g\ftAEB=ACD  (by 
cor.  2.  Iheo.  7.)  the  angle  .i  is  cnmnnn.  and  (by  cor. 
I.  theo.  5.)the  angle  ADC=ABE;  therefore  the 
triangles  ABE,  ADC,  are  mutually  (quiangular» 
and  consequently  (by  the  last)  AC.  A£ :  :  dD: 
AB :  wherelbre  ^C  multiplied  by  AB,  will  be  equal 
to  AE  multiplied  by  AD.    2.  E.  D. 

THEO.  xvm. 


i 


I 


Triangtet  ABC,  BCD,  and  fiaratlrlQgntma  ASCP  •Wl 
BDEC,  having  the  same  altitude,  have  (he  attme  prufiorUm 
hetveen  themaetve*  ai  their  baaea  B.^and  BD. 

Let  any  aliquot  part  of  AB  be  taken,  which  will 
also  measu'e  BD :  suppose  that  to  be  Ag,  which 
will  be  contained  twice  in  AB,  and  three  times  ia. 
BD,  the  parts -•^^,  gB,  Bli,  A/,  and  /  D  being  all 
equal,  and  let  the  lines  gC,  hC,  and  (  C  be  drawn  : 
then  (by  cor.  to  theo.  13.)  all  the  small  triangle* 
■^gC^  gCB,  BCk,  SCc.  will  be  equal  to  each  other ; 
and  Will  be  as  many  as  the  parts  into  which  their 
bases  were  divided;  therefore  it  viiUlie  as  tti 
of  the  parts  in  one  base,  is  to  the  sum  of  those  I 
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the  other,  so  will  be  the  sum  of  the  small  trtao- 
glesintbeGrel,  to  the  sum  of  the  snull  tnanglesin 
the  second  triangle;  that  is,  yiB :  BD  :  :  ABC 

BDC. 

Wbence  also  the  pBraHelf^ams  AhCF  and 
BDEC,  being  (by cor.  2.  theo.  U)  the  doaHes  of 
the  triangles,  are  likewise  as  their  bases.    3.  E.  D. 

Note.  Wherever  there  are  several  qoantitiefl 
connected  with  the  eign  (:  :)  the  conclusion  is  al- 
ways drawn  from  the  first  two  and  last  two  propor- 
tionals. 


I 
I 

I 


I 


Triatffte*  jfBC,  DEP,  noiidtig  uftim  e^al  baifi  4B  trtii 
DX^are  nearh  ^thrr  at  their  altitudet  CG  end  FH. 

Let  B/be  perpendicahir  to  AB^nA  eqoal  to  CG, 
in  which  let  KB  =Fff,*nd  let  ^/and  ^A'be  draw-n. 

The  triangle  AIB=.4CB  (by  cor.  to  theo.  13.) 
andAJCB^DEF:  bat(bytheo  18)  Bf :  BAT:  : 
ABl :  ABK.  That  is,  CG :  FH : :  ABC :  DBF. 
2.  £.  D. 

THEO.  XX 

PL.  2.  Jig.  3. 

if  a  rigtn  lite  BE  be  drawn  fiaraltel  to  mu:  tide  of  a  tri- 
OHgte  JCD,U  v4ll  cut  the  tvto  iMhmide*  fiTtpi/rtimaUyi  viz. 
ABtBC:  :AS:  ED. 

Draw  Cfaod  BD  ;  the  triangles  BEC&nA  EBD 
being  on  the  same  base  BE  and  under  the  same 
ponJlel  CD*  will  be  equal  (by  cor-  to  theo.  13.) 


L 
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therefore  (by  theo,  18)  AB  :  BC  :  :  (BEJ  .-  BEOi 
or  B£.4  :  BED)  :  :  AE :  ED.    3.  E.  D.  " 

Cnx.  I.Hc-ncealBO  AC:  AB:  :  AP  :  AEi 
For  AC  ■  AU  ::  (AEC:  aEB  :  :  ABD:  JEB) 
:.AD:AE. 

Cor.  "3,  It  also  appears  that  a  right  line,  which 
dividi-!)  twottides  of  a  triangle  proportionally,  must 
be  parallel  to  the  remaining  side. 

Cor.  .'^.  Hence  also,  theo  16,  is  manifest;  siflee 
the  s'itlvM  of  the  triangles  ABE,  ACD,  being  eq\ii- 
angular.  arc  proportional 


Pl.  2.M-  4 


J/lm)  iriangt'-t  ABC,  A D K,  have  an  angk  B4C,  in  the 
cnr,ryuuifo  an  ongU  OAE^  in  ihc  other,  and  Ihe  tide*  uDfiUt 
thr  fgual  angle;  firoflarti  nal  ;  IhV  is,  jtB  :  AD:  :  AC : 
AS  I  then  ihe  trianglet  mil  be  muluaHy  eyuiangiflBr. 

InAB  mke  Ad=AD,aivi\etde  be  parallel  t< 
BC>  meeting -46' in  e- 

Because  (by  the  first  cor.  to  the  foregoing  then. 
AB:  AdxnrAD)  : :  AC :  Ae,  and  {hy  tlio  hypO- 
tli'sia,  or  wliat  is  givm  in  the  tlieotem)  AB:  AD  ' 
AC:  AE  J  therefore  Je=AE  soemg  ^C  beurs 
tile  saine  propuriifin  to  each  ;  and  (by  theo.  G.) 
the   triangle  /!de=  A  DE,    iheref'ire    the  angle. 


1 


Jde^D  AiidAed^E,  but  s 


■d  and  B^  arft 


parallel  (bv  part  3  tiieo.3)  Ade=^B.  and  j*«d«= 
therefore  S=0  and  C=K   Q  E.D. 


PL.   i.fig-    *■ 

Itfuiangufar  triatigln  AJfC,  D£Fy  are  to  c 
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a  ibtfiUettie  tarefiortkn  if  their  Ao nologoiu  or  Hit  Mn  t  or  at 
tht  «9uarc4  AJC,  and  DM^ their  botnolbgoiu  Met. 

Le(  the  per[)endicu!ars  CG  and  FH  be  drawn 
as  wefl  as  tLc  diagonals  Bl  and  EL. 

The  pcrpt-ndiciilarBnmketlie  triangles  ACGaxi<i 
DFH  cquiangiilar.  aud  therelore  siiniiar  (by  ihco. 
16.)  for  because  ihe  aii)>le  CAG  =  FDH  ix\u\  tire 
right  angvl  .■tGC='DHF,  the  reraauung  angle 
ACG=DfIi,  {by  cor.  3.  tlieo.  5.) 

Therefore  GC;  FH::  {AC:  DF.  :)AB:  HE, 
or  wh'ch  18  ihe  same  ihmg.Gr  ;  AB  ::  IH  :  PE 
for//f  multiplied  by  AD=ABia\ilU[H\cd  by  FH- 

By  theo,  iff  ABC :  JBI  r.  (CG  ;  A I  or  AB 
as  befoi-e  : :  T/f  D^  &r  Dl : .)  OFF :  DIE, 
therefore  ABC :  AB/:  :  DTE :  DLE,  or  ABC  : 
AK  :  :  DFE  .-  DM,  for  AK  is  double  ihf  Irwn- 
gle.^5/.  and  ZJJ/ double  the  triangle  D£L^  by 
cor.  2.tlieo.  IS.  Q.E.B. 

TUEO.  XXI  n. 

i'i.2./y.6. 

Ltiefiofygon* ^BCDE, att  edr,are inadufilict 
fjon  to  rAsf  o/'lAr  jirfM  ^fl,  a  4,  k>A{(A  «f  r  beiviten  the  ejval    • 
aigiet  A  and  li  and  a  and  b,  or  isi   the  i^Murei  <if  Ihl  tide* 
AB,  «». 

X>xvKAD,AC,adiec. 

By'tbehyprtbesis^i?:  a*.-  ;  BC;-(ic,  and  there- 
by also  tlie  aiigU-  B~0  j  therefore  (by  theo.  21.)     I 
BAC=^bac  ;  and  ACB—arb:  in  like   manner*" 
£AD=e  a  rf,  and  ED  A  =c  d  ti.     U  1  hei  efnre  from 
ibe  equal  augle^  A,  and  u<  we  take  the  equal  onei 
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E.4D+B  1C=e  ady  -i-  b  a  r  \hp  remaining  angle 
JJ.if  =d  n  r,  ami  if  Irora  the  equal  angles  D  and 
li,  E0.1=eda,  be  taken,  we  shall  have  ADC==ad 
c :  and  in  like  manner  if  from  C  and  c  be  tjiken 
BCA=bca,  we  nhall  h&ve  ACD=a  cd  ;  and  bo 
the  respective  angles  in  every  triangle,  will  beequal 
to  those  in  the  other. 

lRyiheo.92.JSC:  abc:  :  the  square  of  AC\), 
thenquareif  or,  and  also  ^Z)C:  adc  :  .-thesquai 
of  AC,  to  the  square  of  a  c  ;  therefore  from  eqa 
\\iy  of  proportions ^BC*  afK :  :  ADC:  adcs^ 
in  like  manner  we  m&y  shew  that  ADC:  ad  c  ^ 
HAD  :  e  ad:  Therefore  it  will  be  as  one  antecral 
dent  is  to  one  consequent,  soarealltbe  antecedeuta  l 
to' all  the  cotifloqirents.     Tliat  is,  ABC  is  to  o  6  c  as 
the  sum  of  the  three  triangles  in  the  first  polygon, 
istothesumof  those  in  the  last    OiABCv/in  be 
to  a  6  c,  as  polygon  to  polygon. 

The  proportion  of  ABCto  n6c  (by  the  forego- 
ing theo.)  18  as  life  square  of  AB  is  to  ihe  square  of 
a  0,  but  the  proportion  of  polygon  to  polygon,  ia  as 
ABC  toa  6  ft  as  now  shown  :  therefore  the  propor- 
tion of  polygon  to  polygon  is  as  the  square  of  AB 
to  the  square  of  a5. 


TMSO.  XXIV . 

Pl.  \._fig.  8. 

Lrt  DHB  be  a  quadrant  of  a  drclr  detcribed  by  the  n 
diutCBt  HBanare  qf  it,aHd  DJfits  comfitfment  i  ffL  orM 
FC  the  tine,  fHitr  Ct  iV»  cotht^t  BKUt  langenr,  Dlif  C»J 
tangent  t  CKifccattt,andCIitaeo-»ecani.     Jfg-  8. 

].  The  co-sine  of  an  arc  is  to  the  sinet  as  the  ra-^l 
Aias  is  to  the  tangent. 
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&  Theradhifl  is  to  the  tangent  of  an  arc*  «s  the 
cosine  of  it  is  to  the  sine. 

3.  The  sine  of  an  arc  is  to  its  co-sine,  as  the  ra- 
dios to  its  co-tangent  $ 

4.  Or  the  ra^ns  is  to  the  oo-tangent  of  an  arc,  as 
its  sine  to  its  ccnnne. 

5.  The  co-tangent  of  an  arc  is  to  the  rsdios^  as 
the  radius  to  the  tangent.  ,  f^. 


6.  The  ocKsine  of  an  arc  is  to  the  radius,  as  the 
radios  is  to  the  secant 

7.  Thesineof  an  arc  is  to  the  radius,  asthetan- 
gent  is  to  the  secant 

The  triangles  CLff&nd  CBK^  being  similar,  (by 
theo.  16.) 

1.  CL\  LH:  :CB:  BK. 

2.  Ot,CB:BK::  :CL:  LH. 

The  trlan^es  CFH and  CDL  being  similar. 

3.  67^ (or  LH) :  FH: :  CD :  DL 

4.  CD  :  DI: :  CF{px  LH) :  FH. 

The  triajHes  CHI  bihI  CBK  ^xe  similar:  for 
the  angis  C/f'*=/ir6'5,  heing  alternate  ones  (Wy 

Srt  2.  theo.  S.)  the  lijies  CB  div\  DI  heiug  jitiral- 
:  the  angle  ry^/=CiJ/ir  bein.'j  ijoth  right,  and 
consequently  the  angle.  DCl^CKB^  whereioret 

5.I)I:CD::CB:BA\ 
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And  again,  making  use  of  the  amilar  triangle 
CLff and  CBK. 

6.CL:CB::CH'.CK.  ' 

l.HL:CH:BK:CK, 


GEOMETRIOAL  PROBLEMS. 

PROB.  I. 

I 

m  • 

Pi.  2.  Jig.  7, 

Tei^ake  a  triangle  of  three  given  right  linet  BOy  LB^LOy 
of  vfhich  Qfty  two  muMt  be  greater  than  the  third. 

IjSLy  BL  from  B  to  L  ;  from  B  with  theUnei?0, 
de8cril)e  an  arc,  and  from  L  with  LO  describe  ano- 
ther arc;  from  0,  the  interpgcHng  point  of  those 
arcs,  draw  BO  and  OLy  and  BOL .  is  the  triangle 
required. 

This  is  manifest  from  the  construction. 

PBOB.  11. 

Pl^  ^-Jlg'  8. 

At  a  fioint  B  in  a  given  right  line  BC,  to  make  an  angle 
equal  to  a  given  angle  A, 

Draw  any  right  line  ED  to  form  a  triangle,  as 
EAD,  take  BF=ADy  and  upon  BF  make  the  tri- 
angle BFG,  whose  side  BG=AE,  and  GF=ED 
(by  the  last)  *hen  also  the  angle  B  =A ;  if  we 
suppose  one  triangle  be  laid  on  the  other,  the  sides 
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will  mutuftlly  agr^e  with  each  other,  and  therefore 
be  equrtl  ;  for  rf  we  consider  theae  two  triangies  to 
be  inaJe  of  the  same  three  giveD  lines,  they  are  ixum* 
ifestijoneand  the  same  triangle. 

Otherwise. 

Upon  the  centres  A  ami  By  at  any  distance,  let 
two  arcs,  DE,  FG^  be  described  ;  make  the  arc 
FG=  DE,  and  through  B  and  G  dtaw  the  line  BG, 
and  it  is  done. 

For  since  the  chords  EDy  GF,  are  equal,  the 
angles  A  and  B  are  also  equal,  as  before  (by  def.  17.) 

PROB.  III. 

Pl.  a.jiff.  9. 

To  bisect  or  divide  into  t^o  equal  fiartft^  aiiy  i^ivni  tight- 
ened cnglc^  23. 'I C, 

In. the  lines  AB  and  AC^  from  the  point  A  set 
off  equal  distauces  AEj=JD,  then,  with  any  dis- 
tance more  tlian  the  half  of  DE,  describe  two  arcs 
to  cut  each  other  in  some  point  F ;  and  the  right- 
line  AFj  joining  the  points  A  and  /',  will  bisect  the 
given  angle  BAC. 

For  if  DF  and  FE  he  drawji,  the  triangles 
ADFy  AEFy  are  equilateral  to  each  other  vh.  ylD 
^AE,  DF=^FEy  and  AF  common,  wherefore 
DAF^E/IF,  as  before. 

PR0J3.  IV. 
PL.2.Jig.lO. 

To  bisect  a  right-line,     JB, 

With  any  distance,  more  than  half  the  line,  from 

K 
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A  and  B^  describe  two  circles  CFD^  CGD9  cutting 
each  other  in  the  points  C  and  D  ;  draw  CD  inter- 
secting AB  in  Ey  then  AE^EB. 

For,  if  AC  J  ADy  BCy  BD,  be  drawn,  the  trian- 
gles ACDy  BCDj  will  be  mutually  equilr'teral,  and 
consequently  the  angle  JCE=BCE  :  therefore 
the  triangle  ACEy  BC£y  havins;  ^C=  BCy  CE  cooir 
mon,  and  the  angle  ArE=BCE;  (by  theo.  6.) 
the  base  AE=  the  base  BE.  -, 

Cor.  Hence  it  is  manifest,  that  CD  not  only  bi- 
sects ABy  but  is  perpendicular  to  it.  (by  def.  11.) 

PROi.  V. 

FL.2.Jig.  11. 

On  a  given  ftoint  A^  in  a  right  tine  EF^  to  erect  a  perfien^ 
dicuiar. 

From  the  point  A  lay  off  on  each  side,  the  equal 
distances,  AC\  AD ;  and  from  Cand  D,  as  centres, 
with  any  intcrvai  greater  than  AC  or  ADy  describe 
two  arcs  int^Tsecting  each  other  in  -ff  ;  from  A  to 
jB  draw  the  line  ABy  and  it  will  be  the  perpendicu- 
lar required.  * 

For,  let  CJ5,  and  BDhe  drawn  ;  then  the  trian- 
gles CABy  DABy  will  be  mutually  equilateral 
and  equiangular,  so  CAB=DJBy  a  right  angle, 
(by  def.  lO.) 

PROB.  VI. 

PL,1.fg.  12. 
ToraUe  a fiertiendicular  on  the  end  B  of  a  right  line  AB. 

From  any  point  D  not  in  the  \\x\eABy  with  tke 
distance  from  D  to  By  let  a  circle  be  described  cut- 
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tiag  AB\vL  E;  draw  from  E  tbrongb  D  the  right 
line  EDCt  cutting  the  periphery  in  d  and  join 
CB  ;  and  that  is  the  perpendicular  required. 

^BC  being  a  semicircle,  the  angle  EBCmW  be 
a  right  angle  (by  cor.  5.  theo.  7.) 

PROB.  VII. 

Pl.  2. Jig,  13. 

From  a  given  fmnt  A^  to  let  fall  a  fierfiendicuiar  ufion  a 
given  right  line  BC. 

From  any  point  D,  in  the  given  line,  take  the 
distance  to  the  given  point  A^  and  with  it  describe 
a  circle  ><G£,  make  GE=AGj  join  the  points  A 
and  Ef  by  thp  line  AFEy  and  AF  will  be  the  per- 
pendicular required. 

Let  DAy  DE,he  drawn ;  the  angle  ADF=  FDEy 
DA=DEi  being  radii  of  the  same  circle,  and  DF 
common  ;  therefore  ( by  theo.  6.)  the  angle  DFA 
^DFEj  and  FA  a  perpendicular.  (By  def.  10.) 

PROB.  VIII. 

Pl.  2,  Jig.  14. 

« 
Through  a  given  fioint  A^   to  draw   a  right  line  AB^ 

paraliel  to  a  given  right  Hne  CD. 

From  the  point  Ay  to  any  point  Fy  in  the  line 
CD,  draw  the  line  AF,  with  the  intcrxal  FA,  and 
one  foot  of  the  compasses  in  F,  describe  the  arc 
A£,  and  with  the  like  interval  and  one  foot  in  A, 
describe  the  arc  BF,  making  BF'^AE  ;  through 
A  and  B  draw  the  lino  y4A  ami  it  will  he  parallel 
to  CD. 
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By  prol>.  Q.  The  angle  lUF^  AFE,  and  b^ 
theo.  1 1.  BA  and  CD  are  jiamliel. 

PROB.  IX. 
Pl,  I. Jig.  17. 
Ufion  a  given  line  JB  to  deacribe  a  square  .4BCD,, 

Make  JBCi)erpendicular  and  equal  to  AB;  and 
Iroiii  A  and  C,  with  the  line  ABy  or  BC^  let  two 
arcs^  be  described ,  cutting  each  other  in  D  ;  from 
whence  to  A  and  C,  let  the  lines  ADy  DC  be 
drawn  ;  so  is  A  BCD  the  square  required. 

For  all  the  sides  are  equal  by  construction ; 
therefore  the  triangles  ADu  and  BACy  are  niuta- 
ally  equilateral  and  equiangular  and  ABCD  is  an 
equilateral  parallelogram,  whose  angles  are  right. 
For  B  being  right,  D  is  also  right,  and  DAC^ 
DCAy  BACy  ACB,  each  half  a  riglit  angle  (by  lem- 
ma preceding  theo.  7.  and  cor  2.  theo  5.)  whence 
DAB  and  hCD  will  each  be  a  riglit  anglet  and 
(by  def.  44.)  ABCD  is  a  square. 

scuoLnrM. 

By  the  same  method  a  rectangle  or  oblonq;,  may 
be  described,  the  aides  thereof  being  given. 

•    PROB,  X. 

Pl.  2,  Jig.  15. 

To  divide  a  given  right  Hne  AB^  ifUo  any  firofioscd  number 
9f  equal  part  n. 

Draw  the  indefuiite  right  line  APy  making  any 
angle  with  AB^  also  draw  BQ  parallel  to  AP^  iii 
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each  of  whiclb  let  there  be  taken  as  many  equal 

EiirtB  AM,  MNj  SCc.  Bn^  on,  SCc.  as  you  would 
ave  AB  dinded  into ;  then  draw  Mm^  Nuy  SCc. 
intersecting  AB  in  E^  F^  SCc.  and  it  is  done. 

For  MN  and  mn  being  equal  and  paralleU  FN 
will  be  parallel  to  EM ;  and  in  the  same  manner, 
GO  to  FN  (by  theo.  12.)  therefore  AM,  MN 
NOf  being  all  equal  by  construction,  it  is  plain 
(from  theo.  10.)  that  AEy  EF,  FGy  SCc.  wiU  like- 
ns* be  eqoal. 

PROB.  XL 

jPl.  2.  Jig,  16. 
Tojind  a  third  firofiordomU  to  AM  given  right  UneM^  A  and  B. 

Draw  two  indeimite  blank  liises  C£f  CDf  any- 
wise to  make  any  angle.  Lay  the  line  Ay  from  C 
to  F  ;  and  the  line  Jff,  from  C,  to  G  ;  and  draw  the 
line  FG  ;  lay  again  the  line  A,  from  C  to  //  ;  and 
through  H,  draw  ///  parallel  to  FG  (by  prob.  8.)  sc 
is  CI  the  third  proportional  required. 

For  by  cor.  1.  theo.  20,  CG :  CH  :  :  CF    CL 

Qt.B  :  A:  .A:  CI 

PROB,  XII. 
PL,2.Jig.\r. 

Three  right  lines  A^  B^  C,  given  to  JInd  c  fourth  firoficr^ 
':onal. 

Having  made  an  ang^e  DEF  anywise,  by  two 
indefinite  blank  right  lines,  EDy  EF,  as  l^efore ;  lay 
the  line  A,  from  E  to  G  ;  the  line  iJ,  from  K  to  /  ; 
and  draw  the  line  IG  ;   lay  the  line  C>  from  E  \q 
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Hy  and  (by  prob.  8.)  draw  HK  parallel  thereto^  so 
W\\\  EK  be  the  fourth  proportional  required. 

For,  by  cor.  1.  theo.  20.  EG  :  EI:  :  EH :  EK. 
Ox, A  :  B:  :C:  EI&. 

J'ROB.  XIII. 

Pl,  3.  Jig.  1. 

Two  right  Hnesj  A  and  Bj  given  to  Jind  a  mean  (iroftnr^ 
donoL 

Draw  an  indefinite  blank  line,  as  AFy  on  which 
lay  the  line  Ay  from  Aio  By  and  the  line^,  from 
B  to  C  on  the  po'nt  By  which  is  the  joining  pdnt 
of  the  lines  A  and  B  ;  erect  a  perpendicular  BD 
(by  prob.  5.)  bisect  ACm  E  (by  prob.  4.)  and  de- 
scribe the  semicircle  ADC  ;  and  from  the  point  Z>, 
where  the  periphery  cuts  the  perpendicular  5/), 
d  aw  the  line  BDy  and  that  will  be  the  mean  pro- 
portional required. 

For  if  the  linos  AD^  T>Cy  l)e  drawn,  the  angle 
A^^C  is  a  right  angle  (by  cor.  5.  theo.  7.)  being  an 
angle  in  a  semicircle. 

The  angles  A  BDy  DBCy  are  right  ones  (by  def. 
10.)  the  line  BD  beinj?  a  pcri)endicular ;  wherefore 
the  triangles  A  BDy  DBCy  are  similar,  thus  the  an- 
gle A/W^DBCy  bein^both  right,  the  angle  DAC 
is  the  complement  of  BDA  to  a  right  angle  (by 
cor.  2.  theo.  5.)  and  is  therefore  equal  to  BDCy  the 
angle  u^DC  being  a  right  angle  as  before  ;  conse- 
quently (by  cor.  1.  theo.  5.)  the  angle  ADB^=^ 
DCBy  wherefore  (by  theo.  16.) 

AB  :  BD  :  :  BD  :BC. 

Or,  A  :  BD  :  :  BD  :  B 
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PROB.  XIV. 

Pl,  ^.Jiff-  2. 

7h  divide  a  right  line  AB^  in  the  fioint  £^  90  that  AFs  nhall 
have  the  same  firotiortian  to  MB^  as  two  given  lines  C  and  D 
have. 

Draw  an  indefinite  blank  line>  AFj  to  the  ex- 
tremity of  the  line  AB9  to  make  with  it  any  an- 
gle ;  lay  tlie  line  C  from  ^  to  C  y  a  nd  D,  trom  C 
TO  D  ;  and  join  the  points  B  and  D  by  the  line 
BD  ;  through  Cdraw  CE  parallel  to  BD  (by  prob. 
8.)  so  is  EXhe  point  of  division. 

For,  by  cor.  1.  theo.  %.  AC :  AD  : :  AE  :  AB. 
Or.C:D::AE :  EB. 

PROB.  XV. 

Pl\  3.  Jig.  3. 

To  describe  a  circle  about  a  tria?iglc  ABC^  or  f  which  ia  the 
^ame  thing)  through  any  three  fiointtj  Aj  By  C,  which  are 
not  atuated  in  a  right  Une, 

By  prob.  4.  Bisect  the  line  AC  by  the  perpendi- 
cular!)/-', and  also  CB.  by  the  peipendicuWr  fTR 
the  point  cf  intersection  Hf  of  these  perpvn  liciilars, 
is  the  centre  of  the  ci'xsle  required,  from  which  take 
the  distance  to  any  of  the  three  points  Ay  By  d 
and  describe  the  circle  ABC^  and  it  is  done. 

For,  by  cor.  to  theo.  8.  The  lines  DE  and  FGy 
must  each  pass  through  the  centre,  therefore,  their 
point  of  intersection  Hy  must  be  the  centre. 

SCHOLIUM. 

By  this  method  the  centre  of  a  circle  may  be 
found,  by  having  only  a  segment  of  it  given. 
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FROB.  XVI 


Pl.  3.  Jig^  4- 

To  make  an  angle  of  any  number  of  degreea^  a:  tUe  j:cmt 
^y  of  the  line  AB^  Mufifioneof  45  degrees. 

From  a  scale  of  chorda  take  60  degrees,  for  60^ 
18  equal  to  the  radius  (by  cor.  tlico.  15.)  asd  with 
diat  distance  from  A^  as  a  centra  describe  a  circle 
frara  theKne-^B;  tdce45  degrees,  theauantity  of 
Hie  ^iven  angle,  from  the  same  scale  of  coords,  and 
lay  It  on  that  circle  from  a  to  3,  through  A  and  b^ 
draw  the  line  AbC;  and  the  angle  A  will  be  an 
iUigle  of  45  degrees,  as  required. 

If  the  given  angle  be  more  than  90^9  take  its  half 
(or  divide  it  into  any  two  parts  less  than  90)  and 
lay  them  after  each  other  on  the  arc>  which  is  de- 
scribed with  the  chord  of  f)0  degrees ;  through  the 
extremity  of  which,  and  the  centre,  let  a  tine  be 
drawn,  and  that  will  form  the  angle  required,  with 
the  given  line. 

FROB.  XVII. 

Fl,  3,  Jig.  5. 
To  jneamre  a  given  angle,  jiBC, 

if  the  lines  which  include  the  angle,  be  not  as 
long  as  the  chord  of  60^  on  your  scale,  produce 
them  to  that  or  a  greater  length,  and  between  them 
8o  produced,  with  the  choi5  of  60®  from  By  de- 
scribe the  arc  e  d  ;  which  distance  e  dy  measured  on 
the  same  line  of  chords,  gives  the  quantity  of  the 
angle  £ACy  as  required ;  this  is  plain  from  def.  17 
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PROB.  XVIIL 

Pl,  Z.Jig,  6. 

To  make  a  triangle  BCE  equal  to  m,  giveh  quadrilateral 

Jigure  JiBCD. 

Draw  the  diagonal  A  C,  and  parallel  to  it  (fay 
firob.  8.)  DEj  meeting  ^  A  produced  m  E  ;  then 
draw  CEf  and  ECB  will  be  tlie  triangle  required. 

For  the  triangles  ADC^  .AEd  being  upon  t**e 
wme  base  ACy  and  under  the  same  parallel  EDy 
(by  cor.  totheo.  13.)  will  be  equal,  therefore  if' 
ABC  be  added  to  each,  then  ABC D= EEC. 

PROB.  XIX. 

Pl.  3.J!g.  7. 

To  make  a  triangle  DFHy  equal  to  a  given  Jive -sided  Ji^ 
gure  JiBCDE. 

Draw  DA  and  DB^  and  also  EH  and  CF,  paral- 
lel to  them  (by  prob.  8.)  meeting  AB  produced  in 
*£rand  F ;  then  draw  DH^  DFy  and  the  triangle 
HDFis  the  one  required. 

For  the  triangle  DEA'=-DHAy  and  DBC-=^ 
DF'B{hy  cor.  totheo.  l.j.)  therefore  by  adding 
thtse  equations,  DEA  +  DBG^DHA  +  DFB 
if  to  each  of  those  ADB  be  added  ;  then  DEA  + 
JDB^DBC=ABCDE^{DHA+ABD^DFB, 
^DHF. 

PROB.  XX. 

Pl  2.  Jig.  8: 

Thprofeet  the  Unei  qf  chords,  sinea,  tangents  and  srcant^- 
mtk  any  radiuo. 

L 
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On  the  line  AB,  let  a  semicircle  ADB  be  de^  * 
scribed  ;  let  CDF  be  drawn  perpendicular  to  this 
lire  from  the  centre  C  ;  and  the  laiiiieiit  BE  per- 
pendicular to  the  end  of  thediiimeter;  let  the  quad- 
rants, AD,  DB,  I-eeuhdiviled  into  9  equal  parts, 
every  one  of  which  uill  be  lOdpgrees  ;  if  ihen  Irora 
the  centre  C.  lines  be  drawn  througli  10,  20^  30,  -M>, 
ice  the  divisions  of  the  quadrant  BD,  andoniitinU' 
ed  to  BE,  we  shad  there  have  tlic  tans;enlK  nf  lO, 
20, 30,  .10,  &c.  and.  the  secant-i  C  10,  C  20,  C30, 
&c.  arc  transferred  to  the  line  VF,  by  deserilsDg 
-IfiearcB  1©,  10:  <30,  90:  30, 'JO.  &c.  '  If  from  10^ 
SO,a),S;c.tLe  diviBionBof  ihequadrati'  £/).ther«be 
let  Call  perpend icu lard,  let  ihese  be  traiisferred  to 
the  radius  C^,  and  we  shall  liave  tlio  sines  ol  10, 
SOy  So.  &a  and  if  from  A  we  describe  tho  arcs  10, 
!0  :  90.  A)  :  30,  30,  &c.  from  every  division  of  the 
arc  JD  ;  we  shidl  have  a  line  oi  chords.  The 
same  way  we  may  have  the  sine,  tangent,  A"c.  to] 
every  single  degree  on  the  quadrant,  by  subdividii  _ 
each  of  the  9  lormer  divisions  into  10  equal  parts. 
By  tliis  method  the  sines,  lan.^rnts,  S^c.  may  be 
drawn  to  any  radius ;  and  then,  after  they  an 
transferred  to  lines  on  n  rule,  we  sliall  have  l" 
scales  of  siacs,  tangents,  &'c.  ready  for  use. 
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DRAWING  INSTRUMENTS. 

The  stnctuesB  of  geometrical  demonstration  a 
jouts  of  no  ■ther  instrumpnts,  than  a  rule  anda  pair 
of  compaasea.  Hiii,  in  proporiion  as  the  practice  of 
geometry  ^mi  exlended  to  the  different  arts,  either 
^nnected  with,  or  dependeot  upon  i1,  new  iiiatru- 
neDts  bccujnc  necessary,  some  to  ^tuvrer  peculiHr 
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■ 

purposes,  some  to  £icilitate  operation,  and  otiiers  to 
promote  accuracy. 

As  almost  every  artist,  whosfMRpmitions  are  con- 
nected with  mathematical  deaigi&gt  furnishes  him- 
self virith  a  case  of  drawing  iiisutimejits  suited  to  hia 
peculiar  pu  rposes,  t  hey  are  fitted  u  pin  various  modes, 
some  containing  nu)re>  otlierst  lewer  instruinents. 
Tlie  smallest  collection  put  intoa  case»  consists  of  a 
plane  scale>  a  pair  of  compasses  with  a  moveable  leg» 
and  twospare  points,  which  may  beapplied  occasion- 
ally to  the  compasses ;  one  of  these  ix>ints  is  to  hold 
ink ;  the  other,  a  porte  crayon,  for  holding  a  piece 
of  Uack-lead  pencil. 

What  is  called  a  full  pocket  case,  contains  the 
following  instruments. 

A  pair  of  large  compasses  with  a  moveable  point, 
an  ink  point,  a  pencil  point,  and  one  for  dotting  ; 
either  o(  those  points  may  be  inserted  iji  the  com- 
passes, instead  of  the  moveable  leg. 

A  pair  of  plain  compasses  somewhat  smaller  than 
those  with  the  moveable  leg. 

A  pair  of  bow  compasses. 

A  drawing  pen  with  a  protracting  pin  in  the  up^ 
per  part. 

A  sector. 

A  plain  scale. 

A  protractor. 

A  parallel  rule. 

A  j)encil  and  screw-driver.* 

*  Large  collections  are  called,  magazine  caaes  %f  imtru' 
menta  ;  these  generally  contain 

A  pair  of  six  inch  compasses  m  itli  a  moveable  leg,  an  ink 
point,  acioiting  point,  the  cmyon  point,  so  contrived  as  to  hold 
a  whole  pencil,  twr)  additional  pieces  to  lengthen  occasionally 
one  leg  of  the  compas^s,and  thereby  enable  theni  to  incasum 
i;reater  extents,  and  describe  circles  of  a  larger  radius. 

A  pair  of  hair  compasses. 

A  pair  of  bow  compasses. 

A  pair  of  triangular  compassoii'. 
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In  a  case  with  the  best  ins tru men t8>  the  pmtrae- 
tor  and  plain  scale  are  always  combined.  The  in- 
struments in  most  general  use  are  thoseof  six  inches; 
instruments  are  seldom  made  longer,  but  often  smal- 
ler. Those  of  six  inches  are,  however,  to  be  prefer- 
red, in  general,  before  any  other  size  ;  they  will  ef- 
feet  all  that  can  be  performed  with  the  shortest 
ones,  while,  at  the  same  time,  they  are  better  adapt- 
ed to  large  work. 

OF   DRAWING    C03frASSES. 

Compasses  are  made  either  of  silver  or  brass,  but 
with  steel  points.  The  joints  should  always  be 
framed  of  different  substances  ;  thus,  one  side,  or 
part,  should  be  of  silver  or  brass,  and  the  other  of 

A  sector. 

A  parallel  rule. 

A  proti'ac  or. 

A  pair  of  proportional  compasses,  either  with  or  without 
On  adjusting  screw. 

A  pair  of  wholes  and  halves. 

Two  drawing  pens,  and  ^  pointril. 

A  pair  of  small  hair  compasses,  with  a  head  similar  to 
those  of  the  bow  compasses. 

A  knife,  a  file,  key,  and  screw-driver  or  the  compasses 
in  one  piece. 

A  smaU  set  of  fine  water  colours. 

To  these  some  of  the  following  instruments  are  often  added 

A  pair  of  beam  compasses. 

A  pair  of  gunners  callipers. 

A  pair  of  elliptical  compasses. 

A  pair  of  spiral  ditto. 

A  pair  of  perspective  cpmpasscs. 

A  pair  of  compasses  with  a  micrometer  screw. 

A  rule  for  dra^ving  lines,  tending  to  a  centre  at  a  great 
distance. 

A  protractor  and  parallel  rule. 

One  or  move  pai-allcl  rules. 

A  i)aiU0J^rii])lu'r,  or  Pciilagra])!!. 

A  ptiir  of  sccioral  compasses,  rorminp^,  al  tlir  sai..c  Mn:r, 
•.\  p  .jr  of  IvMin  and  call  .per  comnusi-cs. 
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steel.  The  i^ffc  2i:«  iii  "ji*  J£I^:ITi^  inu  '^^-^    .   ..- 
tMO  metals  ca  j*€:*  :^rr  :ii.-~?-  -  AJicf-  i-=^     -  r-   .  - 
diininishc*tb*'y.eLr.ET»:  i  -iniTja  iimrrrz:"-  .: 
motion   Trie  zrznz  m  us?  v-rt  5  jsjfmuir .  ^  .. . 
smoothoes  laieriu-^T^  u:  "lie  n:"":  .n  ::    :.=     ;: 
for  all  sl&ue  uic  •T-^r.^*i*'T^  5  1  i-^-in  £jn   *  zl- 
perfecn-^n      Tr»r  it:i  :":t  ••n-iii*:    -  :l  =:-^-,        ..:_ 
pered,  u  se::b5:::  -e  f:LFi7  :e:r  t   ..hit.'       :  - 
too  finear-iurirr.zrx:-  t^'i  "~r" utrt-.u^  _.  »^  -  v.-: 
the  coniMSftr?  irt  ?:^ ." 

As  an  ir^.rz::b=z'  :i  2:-    :'ii:::ii^=-:f  a^r     -   -   . 
know,  rhi:  .:  Trtiji  :•:  f.:>j-i  :    _  -     rzim-  y 

are  used  ir  ".rsz^ie:  ^-.a.    i:i'a-j»  r=.    :..-_^vr  -  ^   - . 
spaces,  and  ics-cr.ier  l.-  :  ni  :•  l^i  u/  .•  i 

If  the  i:cb  or  :.r:/r  ;«  -_-:  it:  •jf-r.ir  .-■.  :. .--  ur-  - 
the  steel  ir-izzs  ^^  :•«:  niiccr:    :    sr  :-i   .  s^ 
it  is  to  be  in  ;ni  :•:  :lii:x  --iii:    -a'ltir  ue  :^i.-.-^:i 
pen,  '^rcravra  :r^.:r-?  !.•»::  "e  jrr- 

To  us€  ::psz'  /' :  ;»?0:...  •- '    r'*u;'^  ".itt  ':;i;:i:   «.ir: 
mid^iie  iiriZ"^:  '-  tl-  ^  fz."  ::ii^.:  :i  --.?t    •:':•-_«    -:  :  - 
lows  in  :h-e  5:.ir.£.r  :-:  'Zr:  i-.-.cMiisrh^.  \:tzi  L'-is   :^ 
ODmpu-^es-  ^-  :  :i'^  .^  r*  »' —  :^:»^':  i  ir,**:  v*  ■      .:_> 
bein^dore- 'si^".  :: :  _:i"t-~-:ji":  j^i   v  n:  "ii-:  '  :-. 
fin.^er,  eievi::!^.  1: ::  r  M-z»t  -inir    r-^  -:  ■^i^^r::  •: . 
wth  there.-:  :ir=  "j:..t  i_:.:^-   '.  _     :•-_  n::  oii- 
ses  are  suftc  ent-v  :c»r--=-i  - :  -t-.-t  "r  \:-  n:  :.:i.T  t,:.- 
third  fijietr:  tirvriiT-i^-    ♦t  Tr-uv.rr.  sr.  .M-_ir-.:  - 
by  pushmg  tb?  nrjjc-TU'j-"  or-i  :»:**■  i;-:.?  t  r:   .li- 
middle,  or  z^erSiL^  r.  .-"•f  :5  t  -_i :  m  .:»ir  -.:.r^ 
In  describing  c*Tc^f«.  :»:  ltih**-  ?•?:  to*:  jtrr    r  -.:.. 
compasses  en  tL-e  :c"tre-  i^i  UiVi  r:i ,  u.-.  if^r^i  •/ 
thecompass^si^et-srs^^- iber:,'iiii::iii"ju:"..  I  •  r- 
the  other  r»:.nt  pre^HSLi  l:  'Ji^  i^n*^  "-JIi*  :  •:      :- 
paper.    They  $:-r'-.i  :•=  r^j.  is*  w":r-jrs:'  i-.^  :* 
and  care  shr-j .  i-r  "-iJt-^i  i.  :  • :  :r  z  -*  ::  •      . 
them,b«ct'a:hc: :  -  r".  uh-j:  :-  .'  .;  .:.    • 
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an  obtuse  angle  wi'h  the  paper  or  pljine,  on  which 
they  ^re  used. 

The  ink  and  crayoii  points  hiive  a  joint  jpst  un- 
der that  p;irt  which  (its  into  the  comiMwses,  by  thja 
Ihey  niiiy  f*  liU'ays  so  pbccd  as  to  be  8?t  nearly 
|)eipendicular  to  the  paper  ;  the  end  of  the  shank  ot' 
the  host  compasses  is  Iranied  so  as  to  form  a  strong 
spring,  to  bind  lirmly  the  mo  eable  points,  and  pre- 
vent them  from  shaking,  'i  his  is  found  to  be  a 
moreeflbc'i'al  method  than  that  by  a  screw. 

Two  iiddilion.lI  pif  c(  6,  art  often  applied  to  these 
compasses  ;  these,  by  len^lh'?uiiig  iIlo  leg,  enable 
ihe-ii  to  strike  larger  circles,  or  measure  greater  ex- 
tcnls,  tli«n  they  *oiiId  otherwise  perform*  and  that 
without  the  inconveniences  attending  longer  ccaa- 
posses.  When  consiiasses  are  furnished  witb  thiB 
additional  vi<?co>  the  moveable  leg  has  a  joint  that 
it  may  be  placed  peipeiKliciitarto  the  paper 

The  bnw  couip  -.sses,  are  a  small  |iair,  usually  with 
a  point  for  ink ;  they  are  used  to  describe  small 
arches  or  circles,  which  they  do  much  more  con- 
veniently than  large  cnmjjasses,  not,  only  on  accountt 
of  their  size,  but  also  from  the  shape  of  the  head^^ 
which  rolls  with  gTca^eaFe  between  the  fingers. 

t  f  the  dTnirin^  pen  and  firot-arlin^  pin.  The 
pen  part  of  this  instrument  is  used  to  diaw  strait 
lines ;  it  consists  of  two  bladt'S  with  steel  point* 
fijted  to  a  handle,  the  blades  are  so  bent,  that  the 
ends  of  the  sleet  points  meet,  and  yet  leave  a  suffi- 
cient cavity  for  the  ink  ;  llie  bladts  may  be  opened 
more  or  less  by  a  screw,  and,  being  properly  set, 
will  draw  a  line  o(  any  assigned  thickness.  One 
of  the  blades  is  framed  with  a  joint,  that  the  points 
may  be  separated,  and  lima  cleaned  more  coot 
veniently;  aamHll  quantity  only  nf  ink  should  b(^ 
put  at  one  time  iuto  the  drawing  pen,  and  thit 
should  be  placed  in  the  cavity,  between  the  bladcB.. 
by  a  coromon  pen.  or  feeder ;  the  drawing  pen  acts 
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better,  if  the  pen,  by  which  the  ink  is  inserted,  he 
made  to  pass  through  tiie  blades.  To  use  the 
drawing  pen>  first  feed  t  with  ink,  then  regulate  it 
to  the  thickness  of  the  required  line  by  the  screw. 
In  (b'awiug  hnes,  inch  re  the  pen  a  small  degree^ 
taking  care,  however,  that  the  edges  of  both  the 
Uades  touch  the  paper,  keeping  the  pen  close  to  the 
rule  and  in  tne  same  direction  during  the  whole 
operation :  the  blades  should  always  be  wiped  very 
clean,  before  the  pen  is  put  away. 

These  directio  s  are  equally  applicable  to  the  ink 
point  of  the  compasses,  only  ol^serving,  that  when  ^n 
arch  or  circle  is  to  be  described,  ot  more  than  an 
inch  radius,  the  point  should  be  so  l)ent,  that  the 
blades  of  the  \)en  nuiy  be  nearly  perpendicular  to 
the  paper,  and  both  of  them  touch  it  at  the  same 
time. 

The protracUng  phif  is  only  a  short  piece  of  steel 
wire,  with  a  very  fine  point,  fixed  at  one  emi  of  the 
upper  part  of  the  handle  of  the  drawing  pen.  It  is 
used  to  mark  the  intersection  of  lines,  or  to  set  off 
divisions  from  the  plotting  scale,  and  protractor. 


OF  TUE  SECTOa. 

Amidst  the  variety  of  mathematical  in^^trumenfs 
that  have  been  contrived  t j  facilitate  the  art  of 
drawing,  there  is  none  so  extensive  in  its  use,  or 
of  BUch  general  a|>i)!ication  as  the  secfor.  It  is  an 
universal  senile,  uni-.inof,  as  it  were  angles  and  pa* 
callel  lines,  the  rule  and  the  compass,  which  are 
the  only  means  that  geometry  makes  use  of  for 
measuring,  whether  in  sjje  ulation  or  practice. 
The  real  inventor  of  this  valuable  instrument  is  un- 
known ;  yet  of  so  much  merit  has  the  invention  ap 
peared,  that  it  was  claimed  by  Galileo^  and  disputed 
by  nations. 
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This  iiiatiument  derives  its  name  from  tlie  tentii 
(lefiniti'>ii  of  Ihe  third  book  ol  Euclid,  where  hf  de- 
lines  l!ie  sector  of  li  circle.  It  is  formed  of  two 
rules  called'legs;  these  legs  are  muveable  al 
the  centre  of  a  jmnt,  and  will,  con.sequentlv 
thcii' difl'eront  (ijjcnings,  re[)resent  every  |jos.sibl 
variety  of  yilane  angles.  The  distance  of  tlierxlre- 
niitios  of  tlicse  rulfs  are  the  subtenses  or  clioids. 
or  the  arches  ihey  dcscrilie. 

Sectors  are  made  ol  different   sizes,  bnt  tlu 
length  is  usuaily  denomiimtcd  from  the  length 
thelegs  when  the  sector  is  shut.      Tlius  a  sed 
of  six  inches,  when  the  legs  are  close  toget|]«iv 
forms  a  rule  of  13  inches  when  o|iencd  ;  And  «.j 
foot  sector  ia  two  feet   lon^,  when  opened  to  ti 
^eatest  extent.     In   describing  the  lines  usually 
placed  on  this  instument,  1  referlo  those  common" 
laid  down  on  the  best  six-inch  brass  sectors.    But 
tlie  principles  are  the  same  in  all,  and  the  difVcren- 
ces  tittle  more  than  in  the  number  of  subdi'isinn^ 
it  is  to  be  presumed  that  no  diificulty  will  occur  m 
the  application  of  what  is  here  said  to  sectors  of .« 
larger  radius. 

The  scales,  or  lines  sradnated  iron  the  faces  of 
the  instrument,  and  wnicli  are  to  be  used  as  sec- 
toral Ihies,  proceed  from  the  centre  ;  and  arc,  I. 
Two  scales  of  equal  parts,  one  on  each  leg,  injirlted 
lis  or  L.  Eacli  of  these  sciiles,  from  the  great  ex- 
tensivencss  of  its  use,  is  called  ihe  line  of  Unes. 
'?.  Two  hne«  of  chords,  marked  cho.  or  c.  3.  Two 
lines  n{  iecmits  marked  sec  or  s.  A  line  of  pohf- 
^onr,  marked  rOL.  Upn  the  other  face,  the  sec- 
toral lines  are,  1.  Two  hnes  of  sines,  marked  shL 
or  s.  2.  Two  lines  of  tangents,  marked  tan,  3. 
Between  the  lines  of  tangents  and  sines,  thereis 
another  line  of  tangents  to  a  lesser  radius  to  sup- 
ply the  defect  of  the  former,  and  extending  fifH 
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Each  pair  of  these  lines  (except  ihe  line  of  po- 
lygons) is  so  adjusted  as  to  make  equal  angles  at 
the  centre,  and  consequently  at  whatever  distance 
the  sector  be  opened,  the  angles  will  be  always  re- 
spectively equal.  That  is,  the  distance  betweta  10 
and  10  on  the  line  of  lines,  will  be  equal  to  60  and 
60  on  the  line  of  chords,  90  and  90  on  the  line  of 
sines,  and  45  and  45  on  the  line  of  tangents. 

Besides  the  sectoral  scales,  there  are  others  on 
each  face,  placed  parallel  to  the  outward  edges,  and 
used  as  those  of  the  common  plain  scale.  There- 
are  on  the  one  face,  1.  A  line  of  inches.  2.  A 
line  of  latitudes.  3.  A  line  of  hours,  k  A  line 
of  inclination  of  meridians.  5.  A  line  of  chords. 
On  the  orher  face,  three  logarithmic  scales,  namely, 
one  of  numbers,  one  of  sines,  and  one  of  tangents ; 
these  are  used  when  the  sector  is  lully  opened,  the 
legs  forming  one  line. 

To  read  andcsiimale  the  divisions  rn  the  serioral 
lines.  The  value  of  the  divisions  on  most  of  the 
lines  are  determined  by  the  ligures  adjacent  to 
them ;  these  proceed  by  tens,  which  constleutc  tfi- 
divisions  of  the  first  order,  and  are  numbered  ac- 
cordingly ;  but  the  value  of  the  divisions  nii  the 
line  of  hues,  that  are  distinguished  h:  figure^,  is 
entirel}' arbitrary,  and  may  represent  a  .y  \alae  ihit 
is  given  to  them  ;  hence  the  Jigures  1,  2,  .3,  i,  r'jr-. 
may  denote  either  10,  50,  30,  iO  ;  or  100,  Xhj, 
SOO,  400,  and  so  on. 

The  line  of  lines  is  divided  into  ten  equal  [.'.arts, 
numbered  1,  2,  3,  to  10  ;  these  may  be  called  Jivi- 
sion3  of  the  first  order ;  each  of  these  are  again 
subdivided  into  10  other  equal  |;arts,  whicii  may  ho 
called  divisions  of  the  secontl  order  ;  and  e.icj  ot 
these  is  divided  into  two  equal  jarts,  fyrm.ng  '!r.  i- 
sions  of  the  third  order. 

Thedi\isions  on  all  the  scales  are  contained  i  c 
tween  four  parallel  lines  ;  thosr-  of  iVo  Mrs* 
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extend  to  llie  most  distant ;  those  of  the  third, 
the  least ;  those  of  the  second  to  the  intermeiUata 
jjni-nllci.  I 

When  the  whole  line  of  lines  represents  !  00,  thtf 
ilK'iFinna  of  the  first  order,  or  those  to  which  thtt 
ligtiree  are  annexed,  rejjresent  tens  ;  those  of  tht 
second  order,  units;  those  of  the  third  order,  Ibl 
halves  of  these  units.  If  the  whole  line  representt 
ten,  tlien  the  divisions  of  the  first  order  are  units'j 
thoseof  thcsecond.tenths.andthethirdSjfwentietlirf 

/n  llic  line  of  lan^enls,  the.  divisions  to  which 
nnmijcrs  are  nITixed,  are  the  degrees  f7:prcssed 
those  iminbers.  ■  Kvery  fifth  degree  is  denoted  byi 
line  snnipwhnt  longfr  than  the  rpst ;  between  evcryi 
number  find  each  lilih  degree,  there  are  four  divi- 
sions, longer  ihnn  the  intermediate  ftdjacentoDC^ 
these  are  whole  degrees  ;  ihe  shorter  ones,  or  Ifaostt 
of  the  thin!  ordi^r,  ;ire  30  minutes. 

Froin  the  centre,  to  GOdegrees,  fhe  Inieofsifics 
is  divided  like  the  line  of  tangents  ;  from  ()0  to  70, 
it  is  divided  only  to  e\'ery  degree  ;  IVom  70  lo  t*0» 
to  every  two  degree;  from  80  to  90,  the  dirilioa 
must  be  estimated  by  tlie  eye. 

The  divisions  f*n  the  line  of  chords  arc  to  bc' 
timatcd  in  the  some  manner  as  the  tangents. 

The  lesicr  line  of  tangents  is  graduated  every 
two  degrees  from  45  to  50  ;  hut  frr.m  .'>()  to  60,  to 
every  degree  ;  frnra  60  to  the  end,  to  half  degreca, 

The  line  of  secants  from  0  to  10,  is  to  be  er*^ 
n:ated  hy  the  eye  ;    Irom  50  tn  50  it  is  divided 
every  t«(> deerets  ;  from  50 to flO,  to e\'ery  dcgree'j 
and  from  60  to  the  end,  to  ever)'  half  degre<*. 

The  Rt'lution  of  qncatinns  on  the  sector  is  saiti 
to  be  simple,  \vhen  the  work  is  k-gnn  and  ended  oit 
the  same  line;  compound-,  when  the  opera  titm  be- 
gins on  one  line,  and  is  lini^ihed  nn  the  other. 

The  operation  varies  also  by  the  manner  in  which 
the  compasses  are  applied  to  the  sector.     If  a  mea- 
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sure  be  taken  on  nay  ot  tLe  st-ctoral  lines,  begin* 
tung  at  tiie  centre,  it  is  callecj  a  lateral  distance. 
But  if  (he  measure  Ik?  taken  frini  auj  point  in  one 
line,  to  its  corresponding  point  on  Uie  line  of  the 
same  (lenoniinaliou,  on  tlic  other  leg,  it  is  called  a 
htaisverse  orpaTaUct  tiistancc. 

The  divisions  of  c»ch  sectoral  line  are  bounded 
tnr  three  iwiriillcl  tines  i  tbe  incrmost  oi  thcae  is 
tnut  on  which  Uie  points  of  iJie  coinpiuuie^  are  tu 
placed,  because  this  atone  is  the  line  wliich  gue« 
tbe  centre,  and  is  alone,  tiiereforc,  the  sectoral 

We  sliall  now  proceed  to  give  i  few  general  in- 

jiDcefloi  the  mnnn«r  of  operating  witli  the  sector. 

MultipUcation  hf  the  hat:  of  tiiuft.     M&kc  tho 

^  lateral  distance  of  one  of  the  bictora  t.l)c  parallel 

clislance  of  10  ;  (Jien  the  parallel  distance  of  the 

~  olher  factor  is  the  product 

paple.     Multiply  5  by  6,  extend  the  coin- 
l''n<oni   the  centre  of  the  sector  to  5  on  tite 
^divisions,   and  oj«n  the  sector  till  this  dis- 
boce  become  the  (larallel  distance  from  10  lo  10 
n  tlie  same  divisions;  then  the  pandlcl  distance 
roni  6  to  6,  extended  from  the  centre  of  tbe  sector, 
shall  reai^h  lo  3,  which  is  now  to  t]e  ret-koned  ^. 
At  tbe  aome  opening  oi"  Uic  sector,  tho  j«iralleldi»- 
taitce  of  7  shall  reach  from  the  centre  to  35,  that 
f  8  shall  reach  from  the  centie  to  40,  S:c. 
'  Diviaanliylhclmeof  ttJifs.     !Mal:c  the  lateral 
istance  of  I  he  dividend  tlH-prallvl  disl»nco  of  the 
tor,  the  prallet  distiint-«  of  Hi  is  the  qnolient. 
lius,  to  <Uvidc  3iO  bv  '^<  make  the  latcml  distance 
f  30,  viz.  3  on  I  be  "primary  divisions,  iJie  prallel 
lifltanoe  of  :t  of  the  same  divisions  ;  theD  the  pa- 
llid distance  of  10,  extended  Irara  the  couUc, 
uil  reach  to  6. 

Proportion  6f/  tbe  Ihie  of  Hues.     Make  the  lateral 
distance  of  tbe  second  tertD  tbe  parallel  distance 
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of  the  first  tcvm  ;  the  parallel  distance  oi  the  third 
terra  is  the  I'ourth  proportional. 

Exatnplc.  To  find  a  fourth  proportional  to  8, 4, 
aiiti  6,  take  the  lateral  dist.iDce  ot  4,  and  make  it 
the  parallel  distfince  of  S  ;  then  the  parallel  dia- 
lance  of  6)  extended  from  the  centre,  sliail  reach  to_ 
the  fourth  proportional  3. 

In  the  same  manner  a  third  proportional  is  found 
to  two  nimibere.  Thus,  to  find  a  third  proportioD- 
al  to  8  and  4,  the  sector  remaining  as  in  the  former 
example,  the  parallel  <list,ince  of  4,  extended  Orom 
the  centre,  shall  reach  to  the  third  proportional  S. 
In  alt  these  casest  if  the  number  to  he  made  a  pa- 
rallel distance  be  too  great  for  the  sector,  some  ali- 
f]Uot  part  of  it  is  to  be  taken,  and  the  answer  mul- 
tiplied by  the  number  by  which  the  GrBt  niunbcr 
was  divided.  Thus,  if  it  were  required  to  find  s 
fourtli  proportional  to  4,  8,  and  6 ;  bectiUBe  the  1ft- 
terul  distance  of  the  second  term  8  cannot  be  made 
the  parallel  distance  of  the  first  tenn  4,  take  the 
lateral  distance  of  4,  viz.  the  half  of  8,  and  make  it 
the  parallel  distance  of  the  first  term  4;  then  the 
parallel  distance  of  the  third  term  6,  shall  reach 
from  the  centre  tofi,viz.  the  half  of  12.  Any  other 
aliquot  part  of  a  number  may  be  used  in  the  same 
way.  In  like  manner,  if  the  number  proposed  be 
too  small  to  be  made  the  parallel  distance,  it  owy  be 
multiplied  by  some  number,  and  the  answei'  is  to, 
be  divided  by  the  same  number. 

To  protract  angles  bi/  (lie  line  of  C/iojtis.  Cast 
1.  When  the  given  degrees  are  under  60.  I.  With 
any  radius  on  a  centre,  describe  the  arch.  9.  Make 
the  same  radius  a  transverse  distance  between  GO 
and  60  on  the  line  of  chords.  3.  Take  out  (ho 
traneveFse  distance  of  the  given  degrees,  and  lay. 
this  on  the  arch,  which  will  mark  out  the  angular 
distanoe  required. 

Case  3.    When  the  given  degrees  arc  n;ore  ihaqi 
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60.  1.  Open  the  seclar,  ajid  describe  th*  arch  as 
before.  2.  Take  j  or^  of  tite  given  degreon,  and 
take  the  tians^'erse  distiinco  of  thi»iori.  and  lay 
it  off"  twice,  if  the  degrees  were  halved,  three  limes 
if  the  third  was  uBed  as  a  transverse  distance. 

Caie  S.  When  the  requiit»l  angle  ia  less  than  6 
degrees ;  suppose  3.  I.  Open  the  sector  to  the 
given  ratlins,  and  describe  the  arch  as  before.  9. 
Set  off  the  radius.  3.  Set  off  the  chord  of  57  de- 
ereea  backwards,  which  will  give  the  arc  of  three 
degttea. 

■  Givai  the  radius  of  a  circle,  ("suppose  e<puU  to 
twovickctfj  required  tite  stne  and  (aagetd  of  2ft» 
301  to  that  radius. 

Solutioji.  0|ten  the  sector  so  that  the  trans- 
verse distance  of  <fO  and  90  on  the  sines,  or  of  45 
and  -is  OR  the  tangents,  may  be  cqtiat  to  the  given 
ratJitis.  viz.  two  inches ;  then  will  tltc  transt'erse  dis- 
tance of  SS*  30\  taken  from  the  sines,  be  the 
length  of  tliat  sine  to  Ihe  given  radius  ;  or  if  taken 
from  the  tangents;  will  be  the  length  of  that  tan- 
gent to  the  given  radius. 

Sue  if  Ihe  secant  of  98°  SO'  was  required  ? 

Make  the  given  radius,  two  inches,  a  transverse 
dtstance  tu  0  and  0,  at  the  beginning  of  the  tine  of 
secants;  and  Ih^n  take  itte  transvene  distanceof  the 
degrees  wanted,  vi?..  98°  SCf. 

A  tangent  greater  than  W  Csuppose  60PJ  is 
found  thus. 

Make  the  given  radius,  auiipnte  two  inches,  a 
transt'ersc  distanoe  to  W  and  -iS  at  tho  beginning  of 
the  scaleof  upjicr  tangents  ;  and  then  the  required 
Dtunber  ()0*  (X)'  may  be  tnken  from  this  scale. 

Givett  the  Ivnfflft  of  thr  sine,  tan^^t  or  secant  of 
OKif  degrees  :  to  find  the  tenglh  of  thf  radius  to  that 
sine,  tangent,  or  seeard. 

Make  the  given  I«nglh  a  IrariRverse  distance 
itsgH-cn  degrees  on  its  respective  state '.  then. 
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In  the  sines.  The  transverse  distnnce  of  90  and 
;K)  will  be  the  radius  sought. 

fn  the  lower  Imtgents.  The  transverse  distanco 
of  45  and  4.5,  near  the  end  of  the  sector,  will  bo 
the  radius  sought. 

In  llieirpper  tan^atts.     The  transverse  distancBi 
of  45  and  45,  taken  towards  the  centre  of  the  seoi 
tor  on  the  line  of  upper  tangents,  will  l>e  tjie  centre 
sought. 

f»  the  secant.    The  transverse  distance  of  0  andj 
0,  or  the  beginning  of  the  secants,  near  the  oew 
of  the  sector,  will  be  the  radius  sought. 

Given  the  radius  and  anif  line  representing  a  sitt^ 
iangcrU,  or  secant;  tojtnd  the  degrees  corre^ 
to  timt  line. 

SoLtfTioN.  Set  the  sector  to  the  given  ndros, 
accoriling  as  a  sine,  or  tangent,  or  secant  is  con- 
cerned. 

Take  the  given  line  between  the  comnassesj 
apply  the  two  feet  transversely  to  the  scale  concerns 
ea,  and  slide  the  feet  along  till  they  both  rest  erf 
like  divisions  on  trath  legs ;  then  wdl  those  divtsioni 
shew  the  degrees  and  parts  corresponding  to  the3 
given  line. 

To  jmd  Hie  length  of  a  versed  sine  to  a  givt 
number  of  degrees,  and  a  given  radius. 

Make  the  transverse  distiince  of  90  and  90  on  (he 
sines,  equal  to  the  given  radius. 

Take  the  transverse  distance  of  the  sine  comple- 
ment of  the  given  degrees. 

If  the  given  degrees  are  less  than  90,  the  difTer- 
ence  between  the  sine  complement  and  the  radius 
gives  ihe  versed  sine. 

If  the  given  degrees  are  more  than  90,  the  sum  of 
the  sine  complement  and  the  radius  gives  the  versed 
!tinc. 

To  open  the  legs  of  tfui  sector,  so  thai  thecorres- 
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pandms,  double  scales  of  Unasy  ckoriht  ttfies,  aiut 
emigents.  may  make  each  a  right  atigle. 

Oh  the  lines,  make  the  Uteral  distance  JO,  » 
distance  between  eight  ou  one  leg,  and  nx  on  the 
other  leg. 

On  the  sines,  nake  the  Uterol  distance  90^  tnuis-^ 
verae  distance  fmni  43  to  45  ;  or  from  -10  to  50 ;  or 
from  30  to  fiO  ;  or  Crom  the  sine  of  any  degrees  to 
their  coiojiiement. 

Or  on  the  sines,  nuke  the  lateral  distance  of  ^J 
a  transverse  distance  between  30  and  30. 

OP  THK  FLArSSCALK. 

T  he  divisions  laid  down  on  the  plain  scale  are  of 
two  kinds,  the  one  having  more  immediate  rdation  ■ 
to  the  circle  and  its  properties,  tlic  other  being 
merely  concerned  with  dividingclraight  lines. 

Tfaoagh  arches  of  a  circle  are  the  most  natural 
meaaiiresof  annngle.yet  in  many  rasw  right  hnca 
are  sabstituted.  :is  being  more  convtnient ;  for  th<> 
comparison  of  one  right  line  with  another,  is  mon.- 
natural  and  easy,  than  the  comparison  of  a  right 
line  with  n  curve  ;  hence  it  is  usual  to  measure  the 

Siiantittes  of  angles  not  by  the  arch  itself,  which  is 
escribed  on  tlie  angular  point,  butty  certain  lines 
described  about  that  arch. 

The  lines  laid  down  on  the  plain  scales  for  the  _ 
measuring  of  angles,  or  the  protracting  scales,  are, 
1.  A  line  of  c/wrd!j  marked  cHO.  9.  A  Vine  of  tines 
marked  sin.  of  to/^cn/JraarkodTAN.  oi  aeinilonlaii- 
^f?(J^  marked  ST.  atid  of  i^r<7n/i  marked  sec.  this  last 
is  often  upon  the  snme  line  as  the  sines,  because  its 
gradations  do  not  begin  till  tlie  sinesond. 

There  are  two  other  scales,  nutnely,  the  rhimbs, 
marked  au.  and  hngittitfes,  marked  i.os-.  Scales  of 
latitude  and  honrn  arc  sometimes  putapontbe  plain 
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scalc^  bnt,  as  dJailing  is  nuw  but  seldom  stodted*  -  ' 
they  arc  only  made  to  order. 

The  divisions  used  for  measuring  straight  lioea 
are  called  scales  of  e'jual  fiar'Sy  and  are  of  \'arioaa 
lengths  for  tiie  conveiiienceof  drliiieatiiig  any  Qgare^ 
of  a  Urge  or  smaller  uzct  according  to  the  fancy  orm 
(lurposesof  the  draughts-man.     They  are,  inde< 
nothing  more  than  a  measure  in  miniatm-c  for  Uyi 
down  ii\K>n  paper,  &c.  anyknownmeasure,a8cUi' 
yards,  iect,  &c.  each  part  on  the  scale  answering  b 
ooe  foot,  one  yard,  &c.  and  the  plan  will  be  UEgea 
or  smaller,  as  the  scale  contains  a  smaller  or  a  great 
er  number  of  parts  in  an  inch.     Hence  a  variety  o 
Scales  is  useful  to  lay  down  lines  of  any  require" 
length,  and  of  a  convenient  proportion  with  resjiet 
to  the  size  of  the  drawing.     If  none  of  the  scalei 
happen  to  suit  the  purpose,  recourse  should  be  had 
to  the  Irnc  of  lines  on  the  sector ;  for,  by  the  diflerVl 
ent  0|)cuingsof  that  instrument,  a  line  of  juiy  Icngtli 
may  be  divided  into  as  many  ecjual  parts  as  any  pet- 
son  chooses. 

Scales  of  equal  jwrts  are  divided  into  two  Idads, 
the  one  simple,  the  other  diagonally  divided- 

Six  of  the  simply  divided  scales  are  generally 
placed  one  above    another  upon  the  same   rule;  d 
they  are  divided  into  as  many  equal  parts  as  tlu>l 
length  of  the  rule  will  admit  of  ;  the  numbers  plac- 1 
ed  on  the  right  hand,  shew  how  many  parts  in  an 
inch  each  scale  Is  divided  into.     The  upper  scale  is 
wmetimes  shortened  for  t!ie  sake  of  introducing 
another,  called  the  line  of  chords. 

Tjic  liiat  of  the  larger,  or  primary  divisions  Ott, 
every  scale  is  subdivided  into  lOequal  parts,  whichl 
small  {mrts  are  those  which  give  a  name  to  the  scale  :  J 
thus  it  is  called  a  scale  of  20,  when  20  of  these  di-  j 
visions  are  equal  to  one  inch.  If,  therefore,  these  J 
lesser  (liviaoua  be  taken  as  units,  and  each  rcpre-, 
ecnts  one  league,  one  mile,  one  chain,  or  one  yardi^ 
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BC.  Ill'  '  ^visions  tx  aonuiny  t^ni ; 

re  supjnseU  to  be  tentt,  the 

larger  li :■'■.  '■■-  liiindreds. 

I'f>il(u»tr.iie  ttiis,  suppose  it  wcrera^uired  toset 
blTimm  *illier  of  the  scak*  of  equal  parta  ^,  SGt  or 
**>  ports,  either  miles  nr  liJiirins,     Si  i  nn.'  innt  of 
oar  Cflmpasaes  on -■?,    ;.  iniry 

JbvkiouB,  ft«*l  open  iln-  i  the 

tth  sulKiivision,  rc'ckonii.,  •  jltiIii 

he  left  hand.  Then  wtJI  thm  extent  represent.  H 
bf),  or  S$0  miles  or  leagues,  &c.  kud  bear  the  same 
lortion  it!  thf>  plan  as  the  line  measured  doe*  lo 
tie  thing Teprescnted. 

To  adapt  Ihi-Be  scales  to  ffeet  and  inches,  the  first 
rimary  'livision  is  often  ilur-U-^'iniaUv  liiviili-d  hy 
an  uppc-rliiip  ;  Iherel"!''  ■   "iV>r 

of  fcetand  ifiches,  ns  (•■  -^ht 

inches, exieiid  the  €X)rii[i  'irg- 

er  (o  eight  of  tfie  upper  snuiIJ  ones,  and  :lut  Ui-^tance 
laid  down  on  the  pllti  will  represent  eight  feet 
eight  inches. 

Of  Uw  scale  of  efttal  parts  diagmaUu  dJvidaL 
rlie  use  of  thifl  8«i)«  is  llii-  same  as  those  already 
Sficribed.  But  by  itaplnno  may  be  more  nccurate- 
divided  than  b)'  the  former  -,  for  any  one  uf  the 
irger  dKisions  may  by  this  be  milrfivided  into  100 
jqafil  inrts ;  and.  therefore,  if  the  scale  coiitflins  tO 
f  the  larger  divisions,  any  namber  under  ItXX)  niay 
B  laid  do*n  with  accuracy. 

L  The  diagonal  srale  in  seldom  placed  on  tbe  same 
of  the  rule  wiih  the  other  plotting  scale, 
e  first  division  of  the  diagonal  sciitc,  if  it  be  a 
long,  is  generally  an  iucli  divided  into  100 
bualpansiandat  ttie  oppomle  end  there  is  uaital- 
yjuUi'an  inch  divided  into  lot)  eqnal  parta.  If  the 
be  «ix  incites  loiig,  one  end  has  oommonly 
[fan  inch,  theother  aqunrterof  an  inch  subdi- 
vided into  100  Cf|iMl  [jorta. 
N 
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T^e  iiftluie  of  Ibis  scale  will  be  betlcr  under-' 
stood  by  considering  its  construction.     For  this  , 

Draw  eleven  parallel  lines  at  equ;il  dis- 
tftnoes  ;  divide  tlie  upper  of  these  lines  into  sncha 
number  ol  cqiial  ]>art8,  as  the  scale  to  be  exprpsned 
is  Intonded  to  cn?ilain  ;  from  each  of  tbi'se  tlivi-  j 
pkma  draw  perpendicular  lines  through  tJie  eleven  ] 
pnrallelB.  I 

Secondly.  Subdivide  the  first  of  these  di\'isionB  | 
into  ten  equal  part:;,  both  in  the  apjier  and  lmver<  J 
lines,  ■    J 

Thirdly.  Subdivide  again  wich  of  these  aubdivU  I 
siona.bv  drawing  ilia^onut  lines  from  the  lOlh  Iwlow  J 
to  thcj  9lh  abovT' ;  Ironi  the  8  li  Iwiow  to  the  7tb:1 
abm-c  ;  iind  so  on,  till  from  llie  lirst  below  to  the  OTj 
above  ;  by  these  lines  each  of  the  small  divisions  isiT 
<li«dedintn  ten  parts, and,  conseqiienlly, the  uitolelj 
first  space  inln  IW  equal  jmrts  ;  j'or>:iseach  of  thef 
subdinsions  isoiie-tcnih  part  olltie  n  hole  Drat  sjinci 
or  division,  so  each  parallel  above  it  is  one-tenth  o 
sQch  subdivision,  and,  consequently,  oae-hun*J 
dreth  ])wt  of  tlw  whole  first  space  :  and  if  there  b 
ten  of  the  krger  divisions,  oue-tliouaajidtli  part  ( 
the  whole  space. 

If,  therefore,  ihe-  larger  divisiniig  be  accounted 
as  units,  the  first  subdivisions  will  lie  tenth  parts  of 
annnit,  and  the  second,  marked  liy  the  diagonatl" 
upon  the  iiarallels,  huiidrelh  inrts  of  the  nnitJ 
But,  if  we  suppose  the  larger  divisions  to  Ix?  tens*  j 
the  first  subdivisions  will  be  units,  .'iiid  the  secotuli 
tenths.  Utile  larger  arc  hundreds,  then  will  tl»', 
first  be  tens,  and  the  second  units.  I J 

The  numbers  therefore,  576.  .')7,fi,  5,7^  arc  ill* 
expressible  by  the  samo  extent  of  the  compiias«  r<J 
thus  setting  one  foot  in  the  imrnber  live  of  t" 
larger  divisions,  extend  the  oUier  along  the  l" 
[Mrallel  to  the  seventh  diagonal.     For,  if  tlie  ItiM 
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4arg;er  divwiotw  be  taken  for  500,  seven  of  the 

subdivtsjnris  win  be  70,  wlticii  iipjii  the  etxili  jia- 

raUel.  tiilcing  in  six  oi  the  second  subdiuaoiu  tor 
I  units,  makes  the  whole  number  .576.  Ur,  i£  tli<:- 
L     five  larger  divisions  be  tnkea  lor  live  tsus.  or  do, 

seven  of  tJie  iirst  Aubdivisions  will  be  nuM'n  uaitu*. 

and  the  six  second  subdivisions  upou  the  sixth  [ui- 

rallel.  will  be  six  tentlis  of  an  unit.  Litsliy,  il  the 
I    £ve  larger  ctivisions  be  only  esteemed  ns  'ive  units, 

then  trill  (heseven  fii-staubtjivisiona  be  seven  tenths, 
.    and  the  six  second  subdivisions  be  tiut  six  liun- 

dredth  iiarls  of  an  unit. 

Of  Utis  line  of  rhortis.     Thia  line  is  used  to  sei 

olT  an  angle  from  a  given  point  in  any  right  line,  or 
I  to  measure  the  quantity  of  an  angle  Alrendy  hiid 
I   down. 

I  Thus  to  draw  a  line  that  shnll  make  with  Knn- 
I  tber  line  an  angle^  cnitlAining  a  given  numiMr  of 
I  degrees,  suppose  iydegrees. 
[  Open  your  c')mpiiaH(;i>  to  (Ito  extent  of  6(>dc^ee« 
F  upon  the  line  of  cIkm-'Ii,  (u'higti  is  nlnnys  equal  to 
\  tbe  radius  of  y\\c  uirdc  ol  pmjection,)  and  selling 
r  one  foot  in  the  iin^uliir  |X)iul,  vvitli  tluit  extent  4lc- 
[    Hcnbe  an  arch  ;  then  taking  the  extent  of  io  di- 

greca  from  liic  siiiil  chixJ  liiiu,  set  it  olT  fvom  tJiu 
'  given  lioL>  oa  ihc  arch  duscniied  -,  a  right  tine  diwvu 
I  frmn  thr  >7iv<m  iKunU  Uirou,>{li  the  (loiul  marked  up 
I  on  tlwjii'cl),  n  ill  form  ibo  ie<i;ured  nn.'jle. 
I  Tliedeiircts  conuiinod  in  an  angle  already  laid 
I  down,  itfi.'  fviund  nearly  in  the  same  niaiiiit;r  ;.Jor 
k  iiMlHttcc,  to  measure  nn  anf{>i>.  From  tuo  ceatiL- 
[  dnoribe  an  arch  with  thcohord  of  <)U  ilc^i-ces,  and 
}  tbeXeu^tti  ot  tlio  arch,  coatAineJ  bciAcen  llkC  Un-:s 
I  meusuf e(f  on  the  linL-  nf  clmrik,  will  give  the  num- 
I  bcrof  degrpM  cniiiainfiit  iit  the  angle. 
[  If  the  iiam'ifr  .jI  .lt:gr';c3  are  more  than  90, 
(  they  II         ■  1  i![Mn  the  gliords  at  twice ; 

\  thu.-.  I  ■  -Q  to  be jjractised,  6  J  may  b^ 

I  takc!i  .  :.,aiiJth'Jiede5ici.s  belaidoj 
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twice  npon  the  arob,  Degrees  taken  from  the 
«horijs.ireaIu'(i3'S  tobecounleH  from  the  begiiuiiDg 
of  (he  scale- 

Qf  the  rhvmb  live.  This  is,  in  fact,  a  line  of 
chords  constructed  to  a  quadrant  divided  inlneigbl 
parts  or  |>ointsof  the  cofnjiass,  in  order  to  faciliiate 
(he  work  of  the  navigator  in  laying  down  a  ship's 
courBc. 

Of  the  I'Tie  of  longitudes.  Tlic  line  of  longitudes 
is  a  line  divided  into  sixty  anequal  parts,  and  soap- 
plied  to  the  line  of  chords,  as  to  shew  hj'ingpecliant 
the  number  of  equatorial  miles  contained  in  a  de- 
gree on  any  pnrtillel  of  latitude.  The  graduatefl 
line  of  chorda  is  neceesary,  in  order  (o  shew  the 
latitude'  ;  the  line  of  longitude  shews  liieqimiiiitjf 
of  a  degree  on  each  parallel  in  sixtieth  parts  (rf  ac 
eqrfatorinl  degree,  that  is,  nnles. 

The  lint's  of  tangents,  scniitangmts,  mid  ttt'Mnts 
scrx'c  to  iind  the  centres  and  |»lc9  of  projected  cir- 
clen  in  tlic  stereographies  I  prnjeclton  of  the  s|>here. 

'Tile  line  of  sines  ts  pnnci|)ally  used  for  the  ortho- 
graphic projection  of  the  sphere. 

Tke  lives  of  Itititiufrs  and  hours  are  used 
jointly,  and  serve  very  readily  to  mark  the 
lines  in  the  construction  of  dials  ;  they  are  cene*] 
rally  on  the  most  comjilcle  sorts  of  scales  nTuVseo- i 
tors;  for  the  uses  of  which  see  treatises  on  dialling. 


I 


OF    THE    PBOIRACTOH. 


This  is  sn  instrument  used  |n  protract,  or  Jay  f 
downan  angle  containing  nny  numberof  dcgrceB,! 
or  to  find  how  ninny  degrees  are  containtd  in  any  1 
given  angle.     There  are  two  kinds  put  iuto  casra  i 
of  raatheinnlical  dnmnng  insiniments  :   one  in  the  I 
form  of  a  semicircle,  the  other  in  the  fomi  r>l  a  ]«- 
rallelogram.     Tlie  circle  is  undoubtedly  the  only 
natliral  measure  of  angles;  when  n  straight  line  ib 
therefore  used,  the  divisions  thereon  are  dsrived 
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Crom  a  circle,  orit8proportic8*ai>d  thealraight  Hue 
I 'is  made  use  nl  for  ftniiie  relative  cnnveuieuoe  :  it 
[  is  llius  the  iHtrallf^logmni  is  of l^i)  used  as  «  iHOtrac 
I  tor,  insti>Ad  of  the  &c-u>icircW,  because  it  is  in  «nnic 
KtuK*  more  convenieuti  and  (JiaL  other  sca'.ea,  ^, 
L-XMT  be  plaenl  upon  it. 

I-     Jin  semtc'r<:i/lar  protractor,  is  dix-itled  into  ISO 

I  equal  parts  or  lirgrecs,  which  are  numbered  at  every 

>nth  tlegrec  ea<'h  way,  for  l  he  con\©iiioncy  of  rfcJc- 

I  onnig  either  fr'JiD  'be  right  lowiirtbi  the  left,  or  fmoi 

I /the  lelt  towards  iUe  right ;  or  tbo  more  easily  to  lay 

I  down  !in  angle  from  either  end  of  ttie  luie,  bej^ii' 

Ititiug  nt  eHch  eud  with  10,  '20,  Sav..  and  [iroceeitiiig 

>to  180  degrees.      The  etlgc  is  ihc  dinmeter  ol  ibe 

iiir.rcle,  and  th«  mark  in  Lhe  middle  ponitB  out 

'  -the  centre,  in  a  pi-ol-ar:or  m  the  form  o/'  a  parallel- 

oj^'mK :  tht:r  divisjona  are  aa  in  the  Mtnidrcular  me, 

k  fiuiiibc-rffl  bolb  \va\.s  :  tije  blank  fiide  reoreseulB 

I  the  i!<  '  !«'.     The  aide  of  the  (injiract- 

or  til '  |mi>cr  is  made  Hat,  und  lUat 

wher. '  .  are  marked,  is  cbamlered  or 

L  slo|x;d  a  A ;.  V  Lo  Lbt^oiige^  thftj  au  angle  uuiy  be  more 

I  eacily  mensuredtaud  tJicuivisioossetolT  withgreat- 

'  er  exactness. 

Jpftlicaiian  <\f  Ike  protmcfertonse.  \.  J  num- 
ber of  degrees  hrin^q^g  irn,io  frrotracl,  or  lati  thrnt 
[  an  angle,  wktM  lueiunrc  Uiatl  be  c/fal  Utereto. 
I  Thus,  trj  uy  d"\vo  an  angle  of  )>0  degree's  from 
[  the  point  of  aline,  apply  the  diitmclrr  of  the  prx> 
I  liartor  to  til''  titio.  an  thiit  'lip^  <oiili('  nifKof  may 
[  ooiiici'l  ■  .     -■  '..I,  .^  jili  n 

I  proJi:].  ,thc 

lim'lCn      ...  .■■,.,:  ...  .  -V.-Xoy, 

and  drn*v  n  \\\k  Ir'Hi  ttit-  cxtreuiity  tliniu'iii  that 
jmiiit,  and  the  angle  oonlaina  Lite. given  Dumber  ol* 

*  To  Jinii  Utcitttfnbcr  of  degrees  contained  in  o 
I  g-iiten  angle. 
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Placethecentrenf  the  protractor  upon  tlie 
gular  point,  and  the  liducial  edge,  or  diameter^ 
nctly  U|K)n  the  line  ;  then  the  degree  upon  the  lit 
that  is  cnt  by  the  line  will  be  the  measure  of  ti 
given  angle,  which,  in  the  present  instance,  igfooiMl. 
to  be  Go  degrees, 

3.  From  a,e'ven  poinf  in  a  Irtie,  in  erect  a  per- 
pendicular to  tluii  live. 

Apply  the  protrnctor  to  the  line,  so  that  tbeoeD' 
trc  nuy  coincide  with  the  given  (joint,  and  the  ill* 
vision  marked  DO  may  be  cut  by  ihc  line,  then  a  UiMt 
drawn  a-^ansi  the  diameter  ot  the  prolrjiclor  wiUt 
be  the  perpendicular  required. 


OF  PAHALIKL  ItlT.KS. 


Farallel  linosoccurno  continually  in  oi'ery  spfr 
ciesof  mathematical  drawing,  that  it  is  no  wonner 
so  many  imlruments  have  Iwen  contrived  lo  delinc* 
ate  them  with  more  expedilion  than  could  he  efl'ect- 
ed  by  the  general  geometrical  methods.  For  this 
poriKJse,  rules  of  various  constructions  have  been 
mftue;  and  particularly  recommended  by  their  i: 
ventors  ;  their  use  however  is  ao  apparent  as 
uoed  un  explanation. 

Ob'STEft's  SCAi.J  . 

The  scale  generally  used  is  a  ruler  ot  two  (put  J 
in  longlh,  having  drawn  upon  it  equal  parts,  ehordi 
sines,  tangents,  secflnts,  kt.     These  are  coutaiiie< 
on  one  side  ol'  the  scale,  and  the  oLherHide  contaidl 
the  logarithms  of  these  numbers.     Mr.  EdmtoiS 
Gmtfer  was  the  first  who  applied  the  lognriibniao 
numbers,  and  of  sines  and  tan,!;eiit8  to  straight  linef 
drawn  on  a  st'ale  or  ruler ;  with  which,  proportionlfi 
in  common  numbers,  and  In  tonometry,  maybe! 
8oh-cd  by  the  appUcnlion  ol  a  pair  of  compaa«M 
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onty.  The  meUiml  is  founded  on  this  property, 
1'iuit  the  legarithms  of  the  terms  t>f  eijoai  ratios  arc 
rqiiiiUffereHt.  This  was  called  Guiitcr's  J'rofior- 
tion.  and  Ouiiter's  liioc  ;  lience  the  scaie  is  gen- 
erally cnlletl  theOunter. 

Of  tJie  Logarithnucal  Lines,  or  Gimlers  Scale. 
.,   The  logarilhnucal  lines,  on  Gunter't  scale,afe  Ihe 
eight  fnllovving : 

S^Hiiumih  or  fine  rhumbs,  is  a  line  containing 
the  logarithins  of  the  natural  sines  of  every  point 
and  qiuirter  point  o\  the  compass.  nnnibere<l  from 
a  brasK  pin  on  the  right  band  townrdi  the  leit  with 
8,7,6,5,4,3,2.1. 

Tf^Rhumb,  or  tangent  rhumbo.  also  corresponds 
to  the  logarilhm  of  l^e  tangent  of  cvnrr  point  and 
quarter  point  of  the  compass.  This  line  is  nutu- 
l>ered  from  near  the  mtUdic  of  the  itoilc  with  1. 2. 
^. -i-tOK^ards  thcnght  lisud.  Jinc!  Ilj<-I:  aa.-iin  witfa 
the  utiiabers  5,6,  Tfromlh*  ^.-irds 

the  left.     To  tiike  oil'  any  wuw  ilow 

four.wemust  bpginiit  1  and<(':  right 

hand  ;  but  to  t.iko  oil'  luiy  number  ol  paiiuii  above 
foar,  we  must  Ittt-in  at  lour  and  count  toward*  the 
left  hand. 

jyumUr.i,ox\h<:  line  of  numbcrsi  is  unrnicred 
from  llic  Ictt  hand  of  the  scnle  tow.irds  ihc  right 
with  i,a,  3.  h.a,  iy,  7,  8,  i).  I  wiiich  stands  exactly 
in  the  middle  oi  the  bciiIc  ;  the  iiumlwts  then  go  on 
%  3,  4td,  (>,  7.  8,  9. 10  which  slnnds  at  the  right 
htlud  end  of  the  iscale-  These  two  equal  parts  of 
the  sciUe  are  divided  eqimliv,  titedintance  betueeit 
the  first  or  Itfi  hand  I.  nnt^  the  lii^t  %  H,  4,  &c.  is 
exactly  equal  to  tite  distance  lictwcen  the  middle  t 
iuhI  tie  uunilwrs '-'.  H, 't, &c.  wbic-h  follow  it.  The 
flubdixiBious  t»f  these  scales  arc  likewise  similar,  viz. 
thev  are  eiich  one  tcnlh  of  tlic  primary  divisions. 
auu  are  distinguished  by  lines  of  about  half  the 
length  ef  the  primary  divisions 
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These  saMivisions  are  itgnin  dividcii  iatn  ten 
parlB,  whore-  room  will  penriit ;  and  where  thU  is 
not  the  case,  the  units  must  be  estimatpd,  or  gues-- 
fled  al,  by  the  eye,  which  is  easily  done  by  a  Uul 
(jractice. 

The  primary  di^isbnsan  tlie  second  pari  of 
Miilc,  ure  estimated  according  ta  the  value  tet  upoi 
the  unit  on  Iho  left  hand  of  the  scale  :  If  you  cj  * 
it  one,  thfn  the  first  I,  %  3.  kc.  siand  fr>r  I,  2,  3, 
&C.  Ilie  middl.-  I  is  10,  and  the  Q.  $.  4.  &c.  follow- 
ing flUnd  f'lr  go,  30,  .iO,  Stc.  and  tha  ten  at  the  ri^ht  ■ 
band  is  100 :  It  the  lint  1  stutid  for  10.  the  lirst  % 
3, 4,  Sic.  must  be  counted  SO,  30, 40,  &c.  the  mifJdle 
1  will  lie  100,  the  second  J,  •%  4,  5,  &c.  will  stand 
for  €00,  .SOO,  -too,  500,  &C.  and  the  ten  at  the  right 
hand  for  1000. 

If  you  consider  the  first  I  as  i^  of  an  unit,  the 2, 
3,  4,  ^^c.  following  will  be  A.  1*0.  iV.&c.  the  middle 
1  will  stand  for  an  unit,  and  the  ',  3,  i,  &c.  follow- 
ing will  stand  for  'i,  3,  4,  &c.  also  the  division  at 
the  right-hand  end  of  the  8c:>Ie  will  stand  for  10. 
Theintermetliate  small  divisions  must  lie  estimated 
according  to  the  value  set  upon  the  primary  ones. 

Sine.  The  linn  of  sines  is  numlrered  frwn  tie 
left  hand  of  the  scale  towaids  the  right,  I,  3,  3,  4, 
5,  &c.  lo  10  ;  then  20,  30,  4o,  &c.  to  90,  where  it 
terminates  jiiRl  opposite  10  on  thp  line  of  numbers. 
Fersed  sine.  This  line  is  placed  inimcdintely 
under  the  line  of  sinea,  and  numbered  in  a  contrary 
direction,  *tz.  from  the  right  hand  towards  the  left 
10,30,  30.40,  50,  to  about  169  ;  the  sniull  divisiong 
arc  hereto  be  caiimalcditc.-.ording  to  the  number  of 
them  to  a  deorce.  By  comparing  tiie  line  of  vented 
aincB  with  the  line  of  aims,  it  will  appear  that 
the  versed  sines  rio  not  belong  lo  the  arches  with 
which  they  are  marked,  but  are  the  hall  versed  sines 
of  their  supplements.  TtiQs,  wliat  is  marked  the 
versed  sine  of  90  is  only  half  the  versed  sine  of  90, 
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the  versed  sine  of  I'iO"  is  half  the  versed  sine  of 
60*,  and  lie  versed  sine  marked  IW  ia  half  thor 
versed  sine  of  80°,  Sic. 

The  versed  sines  are  nu'iibercd  in  this  tnimner 
to  render  them  more  comtuodious  in  thf  solutiou  of 
trignnometrical,  ami  astronomical  proUenis. 

Tangents.  The  line  of  tangents  begins  at  tlie 
left  hand,  and  is  numlxTed  1,  2,  3,  &c.  to  10,  then 
20,  30,  45,  wlicre  there  is  a  li'.tle  hross  [)iii  just  un- 
der 90  in  the  line  of  sines;  because  the  sine  of  90'' 
is  equal  to  the  tangent  of  -lo**.  It  is  numbere'l 
from  45*  towards  the  left  hand  .50,  60. 70, 80,  &c. 
Xhe  tangents  of  arches  above  45**  urc  therefore 
counted  backward  on  tlie  tine,  aad  are  found  at  th« 
same  points  of  the  line  as  the  tangenUi  of  their 
complements. 

Thus,  the  divisbn  at  40  repreacnta  both  40  and 
60  the  division  at  30  senes  for  30  and  (^,  &c, 

Meridimal  Parts.  Thia  line  stand*  immediate- 
ly above  a  line  of  equal  parts,  marked  Equal  Pt. 
with  which  it  mastaJstays  be  compared  when  used. 
The  liue  of  et|unl  parts  is  marked  from  the  right 
hand  to  the  lelt  with  0,  10,  20,  30,  &o- ;  each  of 
these  Urge  divisions  reprcsenls  10  degrees  oi  llie 
equator,  or  600  mites.  Tlie  Qrst  of  tlieae  diviuoDS 
is  sometimes  divided  into  40  equal  parts,  eiich  re- 
presenting 15'  minutes  or  miles. 

The  extent  from  the  brass  pin  on  the  scale  of 
roeridioiial  parts  to  any  tlivjsiun  on  Ihatscalu,  ap- 
plied to  the  line  of  equal  parts,  « ill  give  (in  degrees) 
the  laeridioniil  parts  aiiswcring  to  the  latitude  o£ 
thai  divijimi.  Or  the  extent  from  any  iTwluou  to^ 
another,  on  the  line  of  meridional  parts,  applied  to 
the  Une  of  equal  parts,  will  give  the  meridioual  dif- 
ference of  latitude  between  the  two  places  dcuoted 
by  the  diviiicns.  These  degrees  are  reduced  to 
leftsues  by  multtplyiiig  by  'Mi,  or  to  mites  by  multi 
plying  by  60. 

O 
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TIteuseoftkelogarithmica'  Uneson  G/mter's  Scale. 

By  these  lines  and  ,a  pair  of  compasses,  all  the 
problems  of  Trigonometry,  &c.  may  be  solved. 

TKeae  problems  are  ail  solved  by  proportion  ; 
Now  in  natural  numbers,  the  quotient  of  the  first 
terra  by  the  second  is  equal  to  the  quotient  of"  tha 
third  by  the  fourth:  therefore,  logarilhaircallji 
speaking,  the  difference  between  the  first  and  se- 
cond term  is  equal  to  the  diCTerence  lietwcen  th» 
third  and  fourth,  consequently  on  the  lines  on  the 
scale,  the  distance  between  the  first  and  second 
term  will  be  eqtuil  tothedistance  between  the  third 
and  fourth.  And  for  a  similar  reason*  because  four 
proportional  quantities  are  alternately  proportional, 
the  distance  between  the  first  and  third  terms,  will 
be  equal  to  the  distance  between  thesecQitdand 
fouiLh.     Hence  the  following 

General  Rule. 

The  extent  of  the  compasses  from  the  first 
term  to  the  second,  will  reach,  in  this  same  di- 
rection, from  the  third  to  the  fourth  terra.  Or, 
the  extent  of  the  oomiiasses  from  the  first  terra  to 
the  third,  will  reach,  in  the  sarae  direction,  frtmi 
the  second  to  the  fourth. 

By  the  same  direction  in  (he  foregoing  rule,  is 
meant  that  if  the  second  term  lie  on  the  right 
hand  of  tlie  first,  the  fourth  will  lie  on  ihe  ri^t 
hand  of  the  third,  ahd  I  he  contrary.  This  is  true, 
except  the  two  first  or  two  last  terms  of  the  jm>- 
jwrtion  are  on  the  lino  of  tangents,  and  neither  of 
them  under  45°;  in  this  case  the  extent  on  Ihe 
tangents  is  to  be  nude  in  a  contrary  direction ; 
For  hi.d  the  ta,ngents  above  45"  Iwen  laid  down  in 
their  proper  direction,  they  would  have  extended 
beyond  the  length  of  the  scale  towards  the  right 
hand;  they  are  therefore  as  it  were  folded  back  up- 


% 


i 

J 


TRIGONOMETRY.  99 

on  the  tangents  below  4'5^,  and  consequently  lie  in 
a  direction  contrvy  to  their  proper  and  natural 
order. 

If  the  two  last  tenr-s  of  a  proportion  be  on  the 
line  of  tangents  and  one  of  them  greater  and  the 
other  less  tnan  45^  ;  \  !ic  extent  from  the  first  term 
to  the  second,  wiU  reach  from  the  third  beyond  the 
dcale.  To  remedy  this  inconvenience,  apply  the 
extent  between  the  two  first  terms  from  45*^  back- 
\rard  upon  tlie  line  of  tangents,  and  keep  the  left 
hand  point  of  the  compasses  where  it  falls  ;  bring 
the  right  hand  point  from  45*^  to  the  third  term  of 
the  proportion  ;  this  extent  now  in  the  compasses 
applied  from  45^  backward  will  reach  to  the  fourth 
term,  or  the  tangent  required.  For,  had  the  line 
of  tangents  been  continued  forward  beyond 45®,  the 
divisions  would  have  fallen  above  45**  forward  ;  in 
the  same  manner  as  they  fall  under  46^  backward. 


SECTION  V. 

TRIGONOMETRY. 

The  word  Trigmometry  signifies  the  weasurhi^ 
of  triangles.  But,  under  this  name  Is  generally 
comprehended  the  art  of  determining  the  positions 
and  dimensions  of  the  several  unknown  parts  of 
extension,  by  means  of  some  prts,  which  are  al- 
ready known.  If  we  conceive  the  different  points, 
which  may  be  represented  in  any  apace,  to  be 
joined  together  by  right  lines,  there  are  three  things 
offered  for  our  consideration;  1.  the  length  of 
these  lines ;  2.  the  angles,  which  I  hey  form  with  one 
another ;  3.  the  angles  ibniied  by  the  planes,  in 
which  these  lines  are  drawn,  or  are  supixjsed  to  be 
traced.     On  the  comparison  of  these  three  object?^ 
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depends  tiie  solution  of  all  questions,  tliat  can  \ 
proposed  conterniug  the  measure  of  oxtenaionif" 
ita  parts;    and  the    art  of  determining  all  th 
things  from  the  knowledge  of  some  of  them, 
reduced  to    the  solution   of    these  two    genera 
questions. 

1.  Kno\ring  three  of  the  sixjMrts,  the  sides  and 
angles — wliiLTi  constitute  a  rectilineal  triangle  ;  to 
iiiul  the  other  three.  i 

2.  Knowing  three  of  the  six  jKirts,  which  com- 
[X)3e  ft  spherical  Irlangle;  tliat  is  a  triangle  formed 
on  the  surl'uce  of  a  sphere  by  tliree  arches  of  circles, 
wltich  have  their  centre  in  the  centre  of  the  same  j 
sphere — tn  find  the  other  three. 

The  first  question  is  the  object  of  what  is  called  1 
Plane  Trigonoraetiy,  because  the  ai-\  [tarts,  consid-  | 
ered  here,  are  in  the  same  plane  :  it  rs  also  deiiorm^  J 
nated  Rectilineal  Trigonometry.  The  second  quest- 
ion belongs  lo  SphericalTrigonometry,  wherein  the 
six  parts  are  considered  in  dlllercnt  planes.     But 
the  only  object  here  is  to  explain  the  solutions  of 
the  former  question  :  viz. 

Plane  Tbigoxometrv. 

Plane  Trigonometry  is  that  branch  of  geometry,  I 
which  teaches  how  lo  determine,  or  calculate  thre^ 
of  the  8i.\  parts  of  a  rectilineal  triangle  by  hnvinj 
the  other  three  parts  given  or  known.  It  is  usually 
divided  into  Right  angled  and  Oblique  angled  Tn- 
gonometry,  according  as  it  is  applied  to  the  man- 
suration  of  Right  or  Oblique  angled  Triangles. 

In  every  triangle,  or  case  in  trigonometry,  three 
of  the  [larts  must  be  given,  and  one  of  these  part*, 
at  least,  must  be  a  side ;  because,  with  tlic  same 
angles,  the  sides  may  be  greater  or  less  in  any  pro- 
|)Drtion. 
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Right  Akgi.kd  Plane  Tkigomomxtry. 

Pl,  5.   Fig*  1. 

1.  In  every  right-angled  plane  triangle  il^C,  if 
the  hypothenuse  ^C  be  made  the  radius,  and  with 
it  a  circle,  or  an  arc  of  one»  be  described  from 
each  end ;  it  is  plain  (from  def .  20.)  that  BC  is 
the  sine  of  the  angle  A^  and  AB  is  the  sine  of  the 
angle  C;  that  is,  the  legs  are  the  sines  of  their  op- 
posite angles. 

If  one  leg  Jfi  be  made  the  radius,  and  with  it, 
on  the  pdnt  A^  an  arc  be  described ;  then  BC  is 
the  tangent,  and  AC\%  the  secant  of  the  angle  A^ 
by  def.  es  and  S5. 

Fig.  3. 

3.  If  i?C  be  made  the  radius,  and  an  arc  be  des- 
cribed with  it  on  the  jioint  C ;  then  \%  AB  the  tan- 
gent, and  AC\^  the  secant  of  the  angle  C,  as  before. 

Because  tlie  sine,  tangent,  or  secant  of  any  giv- 
en arc  in  one  circle,  is  to  the  sine,  tangent,  or  se- 
cant of  a  like  arc  (or  to  one  of  the  like  number  of 
degrees)  in  another  circle  ;  as  the  radius  of  the  one 
is  to  the  radius  of  the  other  ;  therefore  the  sine, 
tangent,  or  secant  of  any  arc  is  proportional  to  the 
sine,  tangent,  or  secant  of  a  like  arc,  as  the  radius 
of  the  given  arc  is  to  10.000000,  the  radius  from 
whence  the  logarithmic  sines,  tangents,'  and  secants, 
in  most  tables,  are  calculated,  that  is  ; 

If  if  C  be  made  the  radius,  the  sines  of  the  an- 
gle A  and  C,  descrilwd  by  the  radius  AC,  will  bo 
proportional  to  the  sines  of  the  like  arcs,  or  angles 
in  tne  circle,  that  the  taHes  now  montionr^d  wore 
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calculated  for.     So  if  BC  was  required,  liaviog  thi 
angles  mill  '^B  given,  it  will  be. 
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MS.C:  AB  ::  S.d  :  BC. 

That  is,  as  the  sine  of  the  angle  C  in  the  tables, 
is  to  the  length  of  AB  ;  (or  sine  of  th^  angle  C, 
in  B  circle  whose  ratlius  is  AC  ;J  ao  is  the  sine  of 
the  angle  A  in  the  tables,  to  the  length  of  BC.  (or 
sine  of  the  same  angle,  in  the  circle,  whose  radius 
ie^C.) 

In  like  manner,  the  tangents  and  secants  repre- 
sented by  making  either  leg  the  rjidius,  will  be 
pi'oportional  to  the  tangents  and  secants  of  a  tike 
areas  the  radius  of  the  given  arc  is  to  lO.OOOOOO, 
the  radius  of  the  tables  aforesaid. 

Hence  it  is  plain,  that  if  the  name  of  each  side 
of  the    triangle  be    placed  thereon,  a  proportion 
M'ill  arise  to  answer  the  same  end  as  before  i  thus 
if    AC  be  made  the   radius,  let  the  word  radi 
be  written  thereon ;  and  as  BC  and  AB.  are  ti 
siiiee  of  their  opposite  angles;    u[»n   the  first  h 
.y.^,  or  sine  of  the  angle  A,  and  on  the  other  let 
S.C>  or  sine  of  the  angle  C,  be  written.    Then, 

When  a  side  is  required,  it  may  be  obtained  by 
this  proportion,  viz. 

..\b  the  name  nf  the  side  given 
is  to  the  side  given. 

So  is  the  name  of  the  side  required 
to  the  side  required. 

Thus,  if  the  angles  J  and  C,  and  the  Ir 
ihenuse  AC  were  given,  to  find  the  sides ;  the' 
portion  will  be 
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That  ]«,  as  radias  is  to  ACy  so  is  the  sine  of  the 
uigle  A  J  to  BC.     And, 

2.  R :  AC :  :  S  C  :  AB. 

That  is  as  radius  is  to  AC^  so  is  the  sine  of  the 
angle  C  to  AB. 

When  an  angle  is  required,  we  "use  this  propor- 
tion, viz. 

As  the  side  that  is  made  the  radius, 
is'to  radius. 

So  is  the  other  given  side, 
to  its  name. 

Thus,  if  the  legs  were  given  to  find  the  angle  Ay 
iind  if  AB  be  made  the  radius,  it  will  be 


AB:  R:  :  BC:TA. 

That  is,  as  AB^  is  to  radius,  so  is  BCy  to  tlic  tan- 
gent of  the  angle  A. 

After  the  same  manner,  the  sides  or  angles  of 
all  right  angled  plane  triangles  may  be  found,  from 
their  proper  data. 

We  here,  in  plate  4,   give  all  the  proportion 
requisite  for  the  solution  of  the  six  cases  in  right- 
angled  trigonometry ;  making  every  side  possible 
the  radius. 

In  the  following  triangles  this  mark  —  in  an 
angle,  denotes  it  to  be  known,  or  the  quantity  of 
degrees  it  contains  to  be  given ;  and  this  mark' 
on  a  side,  denotes  its  length  to  be  given  in  feet, 
yards,  perches,  or  miles,  &c.  and  this  mark^,  either 
in  an  angle  or  on  a  side,  denotes  the  angle  or  side 
to  be  required. 

From  these  proportions  it  may  be  observed; 
that  to  find  a  side,  when  the  angles  and  one  side 
are  given,  any  side  may  be  made  the  radius ;  and 
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to  find  an  angle,  one  of  the  given  eidei  mmt  tie 
made  the  radius.  So  that  in  the  1st,  9di  and 
3d  cases,  any  side,  as  well  required  as  given  may 
be  made  the  radius,  and  in  the  Crat  statings  of 
the  4th>  5Ui,  and  6th  cases,  a  given  side  only  ia 
made  the  radius. 

RIGHT  ANGLED  TRIANGLES. 


Thf  angles  and  htjiiathrnuie  givrns  tojind  the  bate  and  flei 
penditular. 

Pl.  5.    Pgi.  4. 

In  the  right  angled  triangle  ABC,  sujipose  thft 
angle  .4=  46^.  30/ and  consequently  the  angle  C" 
=  45°.  30'.  (by  cor.2.  theo.  5.) ;  and  /fCQ.'iO (larts; 
(as  feet,  yards,  miles,  &c.)  required  the  sides  AS 
and  BC. 

Ist.    BT  CONSTRUCTION. 

Mabe  an  angle  of  46*'.  3(f,  in  blank  hnes,  (by 
prob.  Ifi.  geom.)a8  CAB  ;  lay  250,  which  is  the 
given  hypothenuse,  from  a  scale  of  equal  parts, 
from  A  to  d  from  C,  let  fall  the  perpendicular 
(fiC.by  prob.  7.  geom.)  and  that  will  constitute 
the  triangle  ABC.  Measure  the  lines  BC,  and 
^B,  from  the  same  scale  of  equal  parts  that  AC 
was  taken  from ;  and  you  ha\'e  the  answer. 

2d.    BY   CALCDLATION. 

I.  Making  ACttic  r(Hi«r,the  required  sides 
found  by  these  propositions,  as  in  plate  4>  case  I 

R  :  AC : :  S.A  :  BC. 
RAC::  S.C:  AB. 


t  U,  as  radJust  =  90^ 

is  lo  JC         -»iO» 
So  is  tfa£  siiie  of  A  =:i6*'.  SO' 


As  radius, ,  =90°  lOOOOOOO 

is  to  ^C,  =250  9.397910 

Soisthesineof  Ci.W.  30'       9.».578U 


taAB, 


»17i  I        9.'J3573a 


If  from  the  Bom  of  the  second  and  third  lies. 
thAt  of  the  first  be  taken,  the  Dumi>er  will  be  the 
log.  of  the  fourth;  the  number  answering  to  which, 
will  be  the  thing  required  ;  but  when  the  first  log. 
is  radius,  or  lOOOOOOO,  reject  lie  first  figure  of  Ibe 
•uiu  ot  the  other  two  toga,  (whicn  is  Ihc  same  ihiDg 
«■  to  subtract  lOUOOOUO;)  awl  that  will  he  Iha 
^iog.  ot  the  thiog  required. 


3.  Milang  JBthe  radiiu. 


Secaat  J 
Secant  .i 


■  AC: 
AC:  . 


Jt :  AB. 
Tjt:  BC. 


_TlMti»,  Ai  the  secant  of  .<=4«»  80'     10162188 

is  to  AC,  -tSiO  2-.5!)7U40 

Ssisiiierwliut  -60'         10.000000 


iaAB, 


•unnm 


I06 
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As  the  secant  of  A  ' 

is  to  jiC, 
So  is  the  tangent  of  A 


10.1fi9188 

2.S97L40 

10,002750 


IQ.  ¥20690 


to  BC, 


=  181.34.        2.258502 


3.  Making  BC  the  radius. 

Sec.  C:  AC::  J{:  BC. 
Sec.  C :  AC: :  TC :  AB. 

That  is,  as  the  secant  of  0=43"  SO' 

'isto^C,  =        950 

.  So  is  radius  =        90« 


10.139438 

2.397940 

lO.OOOOOO 


to  BC, 

As  the  secant  of  C 

is  to  AC, 
So  is  the  tangent  of  C 


=  181.34 

=43''  30' 

250 

=43«>  SO' 


12.397940 

2.258502 

10.139438 

2.397940 

9977(^50 

12..' 75190 


to  A  By  =  172.  1        2.235752 

Or,  having  found  one  side,  the  other  may  be  ob- 
tained hy  cor.  2.  theo.  li.  sect.  i. 

3d.  By  Gtintefs  scale. 

The  first  and  third  terms  in  the  foregoing  pro- 
portions, being  of  a  like  nature,  and  those*  of  the 
second  and  fourth  being  also  Uke  to  each  other  ; 
and  the  proportions  being  direct  ones,  it  follows  ; 
that  ii"  tlip  third  term  l.'^  greater  or  less  than  the 
first,  the  fourth  term  will  be  also  greater  or  less 
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s 

than  the  second;  therefore  the  extent  in  your 
compasses,  from  the  lirst  to  the  third  term,  will 
reach  from  the  second  to  the  fourth. 

Thufl,  to  extend  the  first  of  the  foregoing  pro- 
portions ; 

I.  Extend  fromiW  to  4fi^  30^  on  the  line  of 
sines ;  tliat  distance  vvili  reach  from  250  on  the  li  ne 
of  numbers,  to  181,  lor  BC. 

Q.  Extend  from  90^  to  43^  30^  on  the  line  of 
sines ;  that  distance  will  reach  from  Q50  on  the  line 
of  numbers,  to  172,  for  AB. 

If  the  first  extent  be  from  a  greater  to  a  less 
number;  when  you  apply  one  jx>int  of  tho  com- 
passes to  the  second  termi  the  other  must  be  turned 
to  a  less ;  and  the  contrary. 

By  def.  90.  sect.  4-  The  sine  of  90^  is  equal  to 
the  radius ;  and  the  tangent  of  i-5^  is  also  e(jual 
to  the  radius  ;  because  if  one  angle  of  a  right 
angled  triangle  be  45^,  the  other  will  be  also  4.>^  ; 
and  thence  (by  the  lemma  preceding  then.  7. 
sect.  4.)  the  tangent  of  45^  is  equal  to  the  radius  : 
for  this  reason  the  line  of  numbers  of  10.0(KXXX), 
the  sine  of  DOS  and  tangent  of  45^' being  all  equal 
terminate  at  the  same  end  of  the  scale. 

The  two  first  statings  of  this  case,  answers  the 
question  without  a  secant :  the  like  will  be  abo 
made  evident  in  all  the  following  cases. 

4th.  Solution  dij  JVatnral  Sines. 

From  the  foregoing  analogies,  or  statements,  it 
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in  obvious  that  if  tbd  hyprrthemise  be  maUipliecI  hf 
the  nntiTal  sine  of  either  ol  the  Rcu(e  anglea,  ttw 
product  will  be  the  leoi^th  of  the  side  opposite  to 
thai  iiiigle;  and  multiphetl  by  the  natural  tyvsioe 
of  the  game  angle,  the  product  will  be  the  length 
of  the  other  side,  or  ttut  whicli  is  contiguous  to 
the  angle.     Thus : 

the  given  ang.=  47''  30^. 
Nat.  Sine=.7'25»74         Nat  COB.«.688S5ar  i 
H>p.  =      350  250 


S6Q68709 
145(J7-t8 

Ba8e= 

1376710 

Perpend. 

=  181.343500 

I7'i.088750 

CASE  IT. 

7'Ae  liaae  and 

anslo  ^ven  ;  toJSnd  the  /urpendirolar  and 
Ai/fiat/itnute. 

PL.  i.JSs-  s. 

In  the  triangle  *4SCthere  is  the  Ufigle  A  43** 
fiO',  and  of  course  the  angle  C47*'  40'  (by  cor. 
2.  Iheo.  5,)  and  the  Bide  AS   190,  given;    to  Uud 

1st.  By  Construction. 

Make  the  angle  CAB  [hy  prob.  l6.  sect  4.)  iu 
blank  lines,  as  before.  From  a  scale  of  equal  parts 
lay  liiO  from  A\n  li:  an  tlie  point  B,  erect  a  per- 
j)endicu!ar  BC  (by  prob.  5.  sect.  4 )  the  poiiufc -^ 
where  this  cuts  the  other  blank  line  of  the  angle, 
will  be  C :  m  is  the  triangle  ABC  conetructed  ; 
Ic(  W'"and  BC  he  mcnsurcd  from  the  sftine  scale 
of  equal  fiarts  that  AB  was  taken  fronii  and 
answers  are  found. 


ed  : 

il 
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Mi 


fld.  By  Catculaiiehi 
t.  Making  AC  the  taiiit»4 


S.C:AB::Rs 

S.  C :  AB  : :  S.  A  :  BC 


That  bi  as  the  sine  of  C 
is  to  AB, 
So  is  radius 


47«»  40' 
190 
90** 


9.a68785 

2.278754 

10.000000 


\ioAC 

As  the  sine  of  C 
is  to  AB. 
So  is  the  sine  of  A 


12.278754 
S57       2.4099G9 


47*>  40' 

190 

,420  80' 


9.868785 
2.278754 
9.828301 

12.107055 


ioBCy         =m.  1        8.238^0 

S.  Making  AB  the  radius, 

R  :  AB : :  T.  A :  BC. 
R.AB: :  Sec.  A :  AC. 


That  is>  as  radius 

is  to  AB,  I 

So  is  the  tangent  of  A 


to  BC, 

As  radius  = 

is  to  AB,  = 

j^o  is  the  secant  of  A 


90» 
190 

=m.  J 

=90 
=  190 

42<»  ^f 


i0.dM)Ooo 

3.278754 
9.95D516 

t238270 
10.000000 

2.278754 
10.131215 


to  AC,        =    257 


2.409969 
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3.  Making  BC  t/ie  radius. 

■      T.  C  .  AB  :  :  Sec.  C  :  AC. 
T.  C  .   AB  .   :  H  :  DC. 
That  is,  as  the  tangent  of  C=^l° -Vi'     I0.O4O.ia4  ' 
\iiaAB,         =     190         3.2787A." 
SoietlieSccantofC='i7°40/    10.l7l«fll| 


IS.4J 


ioAC,  =  257 

As  tile  tangentof  C=i79  40' 

IB  to  AB,  =   190 

So  is  the  radius    =90" 


id  BC 


19-978754 


Or,  having  found  one  of  the  required  aides,  the 
other  may  be  obtained,  by  one,  or  the  other  of  the 
cors.  to  theo.  14.  sect.  4. 


Sd.  Bjf  Gutiter's  Scale. 
1.  When  "4C  is  made  the  radius. 


Extend  from  47°  'UY ,  to  90'*  on  the  line  of  rines, 
tliat  distance  will  reach  from  190  to257,  6n  tl 
Rne  of  numbers,  for  AC. 

a.  When  AH  is  made  the  radius,  the  first  stating 
is  thus  iK>rlorn]ed,  « 

Extend  from  •i5°  on  the  tangents  (for  the  fan- 
gent  of  4^"  is  equal  to  the  radius,  or  to  the  sine  of 
90*>  as  before)  to  i^"  '30;  ;  that  extent  will  reach 
from  190,  on  the  line  of  nmnbers,  to  173,  for  BC 


i 


i 
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S.  When  BC  is  made  the  radius,  the  second  stat- 
ing is  thus  performed. 

Extend  from  47^  40'  on  the  h'ne  of  tangents*  to 
46^y  or  radius  ;  that  extent  will  reach  from  190  to 
173,  on  the  line  of  numhers,  for  BC ;  for  the  tan- 
gent of  47^  40',  b  more  than  the  radius,  therefore 
the  fourth  number  must  be  less  than  the  second,  as 
kefore. 

The  two  first  statings  of  this  case,  answer  Ihe 
^estion  without  a  secant. 


4fA.  Solution  by  Natural  Sines. 

ABxn.                     ABxSofA. 
s=  AC;  and =^C 

^of  C.  Sol  C. 

Nat.  5  of  (7,  sideyfBx^. 

Thus  .739239)  190.000000  {p'7.(XiSCc.=JC. 

147.8478 


iQ  1 50/30 
3696195 

5190250 
5174673 


1557700 
1478478 

and, 
.e73443=Nat.  S.  of  A. 
190=8ide  AB. 

60609870 


Uo 


ry 


0"^' 


9*17717 


6653151 


CASE  m. 


(9  Jindthi  bateani  1 


In  the  iriangle  ABC,  there  is  the  angle  A  W)^ 
B)(l'coD8e(|iienUy  ihe  angl«  (750**,  with  ^C  l/Q 
nven :  tollud  ^CaadAc. 

Ut.  Bj/ Ctnttructvm. 

Make  an  angle  CAff  of  40o  in  blRnk  lines;  (by; 
ppnb  tfi.  Roct.  4.)  with  BCl70,  from  a  lute  of  W]u^, 
parts  draw  the  hnes  A'/" parallel  to  /lB{hy  jirob 
8.  sect,  4.)  the  lower  liue  of  the  aagle,  and  from 
the  jjoin;  where  il  cuts  ihe  older  line  in  C,  let 
fall  a  perjiendicular  3C  (by  prob.  7.  sect.  4  )  and 
the  triangle  is  conslrut;led  :  the  ut  ■.■i*-iirps  of  AC 
and  .iB,  fro'^i  tlie  same  scale  UalBCvfWi  iak-ea, 
will  ukBwei  tilt  ^ue«tio<i. 
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What  has  been  said  in  the  two  foregoing  cases, 
18  sufficient  to  render  the  operations  in  this,  both  by 
calcidation,  Gunter's  scale,  and  Natural  sines,  no 
ol>vious»  that  it  is  needless  to  insert  them  -,  however, 
for  the -sake  of  the  learner,  we  give  for 

Answers ;  AC  264. 5,  and  AB  902.  6. 

CJSE  ir. 

The  boae  andhyfiothenuae  given  ;  to  find  the  anglcM  cmd  per- 

fiendicular, 

PL.  5.  fig.  7. 

m 

In  the  triangle  ABC%  there  is  given,  AB  300  and 
AC  500  :  the  angles  A  and  C,  and  the  per|)endicu* 
lar  BC9  are  required. 

1^^  By  Construction.  ^ 

From  a  scale  of  equal  parts  lay  300  from  A  to 
B  ;  on  B  erect  an  indefinite  IJank  perpendicular 
line^  with«<dfC500,  from  the  same  scale,  and  one  foot 
Qt  the  compass,  in  A,  cross  the  perpendicular  hne 
IB  C  J  and  the  triangle  is  constructed. 

By  prob.  17.  sect.  4.  measure  the  angle  Ay  and 
let  BC  be  measured  from  the  same  scale  ot  equa 
parts  that  AC  and  AB  were  taken  from ;  and  the 
answers  are  obtained. 

Qd.   By  Calculation. 

» 

1.  Making  AC  t fie  radius. 

AC:  R:  :  AB  :  S.C. 

R  :  AC  :  :  ii.A. :  BC. 

Q 
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That  is,  as  AC 
is  to  radius, 
Sois^^ 


500 
300 


2.698970 

10.000000 

2.477121 


1^.477121 


to  the  sine  of  C,=36«  52/        9.778151 


By  cor.  2.  theo.  5.  90°— 36*  52/ 
angle  j1. 
As  radius        =»        90*» 
is  to  JCj       =       500 
So  is  the  sine  of  J  =  53'*0S^ 

m 

to  BC,  =  400 


5S^  08'  the 

10.000000 
2.698970 
9.903108 


2.  Making  AB  t'>e  radius. 

AB  :  K  :  :  AC :  see.  A. 
R. :  AB :  :  TA  :  BC. 


2.60^78 


That  is,  as  AB        =■ 

300 

2.177191 

is  to  radius       = 

90° 

ICOOOOtX) 

So  is  AC        = 

500 

2.r>98970 

12.698^70 


to  the  secant  of  A,=53°.  08/     10.221849 


As  radius  = 

is  to  AB,  = 

So  is  the  tangent  of  A 

to  BC, 


90« 
SOO 

:5S«.  08' 

400 


10.000000 

2.477121 

10.124990 


2.602111 


Or  BC  may  be  found  from  cor.  2.  theo.  14. 
sect.  4. 
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Sd.  By  Gunter's  Scale. 

« 

1.  Making  AC  the  radius. 

Extend  from  500  to  300,  on  the  line  of  nombers ; 
that  extent  will  reach  from  90^»  on  the  line  of  sines, 
to  Se"".  W  for  the  angle  C 

Again,  extend  from  90^  to  5SP.  08%  on  the  line 
of  sines,  that  extent  will  reach  from  500  to  400, 
OIL  the  line  of  numbers,  for  BC. 

%  Making  AC  the  radius,  the  second  stating  is 
thus  performed. 

Extend  irom  radiu)^  or  the  tangent  of  45**,  to 
58'^.  08' ,  that  ej^tent  will  reach  from  900  to  400, 
for  Ba 

Aitlt.  Solution  by  Natural  Sines. 

Ry^AB.                         ACy^SoiA. 
==So{  C;  and  =  B€. 

AC  B. 

Thus,  AC    AB 

5,00)  .*iOO.OOOO,00 


.600000=Nat.  sine  S^"  5^ 

andt 

Nat.  sine  of  vf  =  53**  8'  ?=  .800084 
.AC  =  500 


400.017000=5C 
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CASE  V. 


The  perpendicular  and  hypothentue  given^  to  Jlnd  the  mn^les 

andbaee. 

Pi.  5.  ^g.  8. 

In  the  triangle  ABC  there  is  BC  SO^  and  AC 
970  given  ;  to  find  the  angles  A  and  C ;  and  the 
baseitfJS. 

Ut.  By  Construction. 

Draw  a  blank  line  from  any  point,  in  whicb»  at 
By  erect  a  perpendicular,  on  which  lay  BC  906, 
from  a  scale  of  equal  parts :  from  the  same  scafe» 
with  AC  370,  in  the  compasses,  cross  the  first 
drawn  blank  line  in  A,  and  the  triangle  ABC  is 
constructed. 


Measure  the  angle  A  (by  prob.  17.  sect  4.) ;  and 
also  AB,  from  the  same  scale  of  equal  parts  the 
of  her  sides  were  taken  from,  and  the  answers  are 
now  found. 


The  operations  by  calculation,  the  square  root, 
Gunter*s  scale,  and  Natural  sines, are  here  omitted> 
as  they  have  been  heretofore  fully  explained:  the 
8ta tings,  or  ptoportions  must  also  be  oovious,  from 
what  has  already  been  said. 

Answers  ;  The  angle  A  55®  48' ;  therefore  the 
angle  C  34®  12^  and  ylB  SOS. 


TRIGONOBfETKY.  117 

CASE  VI. 

Tht  base  and  fier/iendieuiar  given  ;  to  find  the  angie9  and 

hyfiothenu9€» 

/*!..  5.  Jig.  9. 

In  the  tnan^le  ABC,  there  k  AB  9^  and  BC 
^%  given  ;  to  find  the  angles  A  and  (7,  and  the 
kypodieniiBe  AC. 

let.  By  Cmstruction. 

Draw  a  blank  line,  on  which  lay  AB  9fi5y  from 
a  scale  of  equal  parts ;  at  By  erect  a  perpendicular ; 
on  which  lay  BCy  Ql%  from  the  same  scale :  join 
A  sLiid  Cy  and  the  triangle  is  constructed. 

As  belore,  let  the  angle  Ay  and  the  faypothennse 
AC  be  measured;  in  order  to  find  the  answen. 

2d.  Bj/  Calculation. 

1.  Making  AB  the  radiuss 

AB  :  R:  :BC:  T.A. 

R. :  AB : :  sec.  A :  AC. 

2.  Making  BC  the  radius. 

BC  :  R :  :  AB  :  T.  C. 
R.:BC::Sec.C:AC. 

By  calculation ;  the  answers  from  the  foregcnng 
proportions  are  easily  obtained,  as  beibre. 

But  because  JCy  by  either  of  the  said  proportions 
is  found  fajjr  means  of  a  secant;  and  since  there  is 
BO  line  of  aecants  oh  Gunter's  scale  ;  after  having 
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found  the  anf^les,  as  before,  let  us  suppose  AC  the 
radius>  and  thep 

1.  S  .4  :  BC: :  B.:  AC. 
or  9.  S.  C :  AB,: :  R  :  AC. 

These  proportions  may  be  easily  resolved,  either 
by  calculation  or  Guntcr's  scale,  as  before  ;  and 
thus  the  hypothenuse  AC  may  be  foand  without  a 
secant. 

From  the  two  given  sides,  the  hypothenuse 
may  be  easily  4>btained,  from  cor.  1.  tbeo.  14. 
sect.  4. 

Thus  the  square  of  AB  =  506Si5 
Add  the  square  of  BC=^  73984 


1-24609  (353  =^C 
9 


65)346 
32.5 


703)'?  1 09 
^21 09 


From  what  has  been  said  on  logarithms,  it  is 
plain, 

1.  That  half  the  looarithra  of  the  sum  of  the 
squares  of  the  two  sides,  will  be  the  logarithm  of 
the  hypothenuse.     Thus, 

The  sum  of  squ'  res,  as  before,  is  131609;  its 
log.  is  5.095549,  the  half  of  which  is  2.547774; 


jl 
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and  the  corresponding  number  to  this,  in  the  tables^ 
will  be  353,  for  AC. 

2.  And  that  half  of  the  loparithm  of  the  dif- 
ference  of  the  squares  of  AC  and  jiB^  or  of  AC 
and  BCy  will  be  the  logarithm  ol  BC^  or  of  AB. 

The  following  examples  are  inserted  for  the  ex- 
ercise of  the  learner. 

1  r\r.^^    \    the  angle  C 64^  40/   (  ^S       .     , 
1.  Given,  {  «^^     gg.g    J  ^^required. 

i»  r;™«    \   ^^  angle  C  47^  20^   (  ^C       .    , 
S.  Oiven,  >  J 5       17    J  nrj^^^ired. 

Q  #-•  .,,    ?    the  angle  C  28^  30^   M^       .     , 
3  Given,  J  ^^^     ^^^  J^^required. 

je  /^%.^v.    i        AB  9.      (theaneles        .     , 
4.  Given,  J       ^C7  3      J  and  ic7  ^'^q^^r^^- 

r  r;.,^«    ^        -BC7  17      Uhe  angles        .    , 
a.  Given,   j        ^^  gj  g  j  ^^^^^^^  required. 

^^.  )    ^5  287l.fri    (the angles        .     , 

G  Given,    j    ^^  ^j^g  ^      j  ^^^  ^^^  required. 


The  answers  are  omitted,  that  the  learner  may 
resolve  them  for  himself  by  the  foregoing  methods ; 
by  which  means  he  will  find  and  see  more  distinctly 
their  mutual  agreements:  and  become  more  expert, 
and  better  acquainted  withUbe  subject. 


I- 


*, 


,|i«  ■••■      •i^.t^W^v; 


m.         -•     ■ 


m'^' 


^•--- 


^  EFOBE  w^j^Beed  ti  the  flengbo  of  the 

fear  ei^  bf  C^iqne^l^M''tiib|pd^ClieoeB- 
lli^  to  preniaBe^Sie  fidloiniig  thM^^ 

it  THEO.I. 


"   Jii My iMaMfrlMirfe  •^J'C;  <»«  «Me>  «re  jlin|<loiy/DM>|  i» 
M}C»imtBilt!:ylB::8.£:ACt  alao  8.3tJC::8.^z 


'    .i- 


10.  sect  4.  the  balf  ^JBfm  ride  is 
tlie  sine  of  its  opposite  angle  ;  bat  ''ttie  sines  of 
those  angles,  in  tabalar  parts,  are  poportional  to 
the  sines  of  the  same  in  any  other  measure ;  and 
therefore  the  mnes  of  the  angles  will  be  as  the 
halves  of  thdr  opposite  sides  ;  and  since  the  halves 
are  as  the  wholes,  it  foIlow8>  that  the  sines  of  their 
angles  are  'Siylheir  opposite  sides ;  thn  is,  S.  C: 
AB : :  &.£Mjp,  S^c.  2.  E.  D. 

'  theo.il 

JPig,  11. 

In  any  filane  triangle  ABC^  the  9um  qf  the  two  given  mdea 
AB  and  BC^  including  a  given  angle  ABC^  i%  to  their  differ* 
encej  ae  the  tangent  qf  half  the  eum  qf  the  two  unlatovm  an- 
glee  A  and  C  im  to  the  tangent  of  half  their  difference. 

Produce  AB  and  make  HB=iBC^  and  join  HC : 
let  fall  the  perpendicuUff  BE^  and  that  will  bisect 
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the  aTiJs;le  HBC  (by  theo.  9.  sect.  4.)  fhrono^h  B 
draw  BD  parallel  to  ACy  and  make  ///  =  '  YA  and 
join  BF\  takeBI=£J,  and  draw  JG  parallel  to 
BD  or  Ja 


It  18  then  plain  that  AHvnW  he  the  sum,  and 
HI  the  difference  of  the  sides  jiB  and  BC :  and 
since  HB^BCy  and  BE  per|)en(JicuIar  to  //C, 
therefore  HEz=,EC  (bj  theo.  8.  sect  4)  ;  and  since 
BA^BU  and  BD  and  IG  jwrallel  to  AV^  thnrciore 
GD^DC=FHy  andconsequenl'y  HG^Vn,  and 
\HG^\FD  or  ED.  .  Ai^am  EBC  being  half 
IIBCy  will  be  also  half  the  sum  of  the  angles  A  and 
C  (by  theo.  4.  sect  4.)  also,  since  HB^  HFx^xA  the 
included  angle  //,are  severally  equal  to  JiC^  CD, 
and  the  included  angle  BCD  :  therefore  (bv  theo. 
6.  sect.  4.)  //5/'=  bBC^BCA  (by  part  a  tW  A 
sect.  4.)  and  swce  //BD=A  (by  part.  S.  theo.  5. 
sect,  I.)  and  HBF^BCA  :  therefore  BFD  is  the 
difference,  and  EBD^  half  the  difference  ol  liie 
angles  A  and  C:  then  making  BE  the  radius,  it  is 
plain,  that  EC  will  be  the  tangent  of  half  the  sum* 
and  ED  the  tangent  of  half  the  dillerence  ol  the 
two  unknown  angles // and  C:  now  A/ being  |>a- 
rallel  to  AC;  All :  II :  :  CII :  GH.  (by  cor  1. 
theo.  30  sect.  4.)  But  the  wholes  are  as  their 
iialves,  that  is,  AH :  III : :  CE  :  ED,  tliat  is  as  the 
sum  of  the  two  sides  .IB  aid  BCj  is  to  tlieir  dilVer- 
ence;  so  is  the  tangent  of  half  the  sum  of  the  t  vo 
unknown  angles  A  and  C,  to  the  tangent  of  half 
their  difference.  2.  E,  D. 


R 
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THEO.  III. 

Fig.  12. 

In  any  right  lined  filane  triangle  ABD  ;  the  base  JiD, 
vnll  be  to  the  sum  of  the  other  aidesy  AB^  BD^  as  the  d/rrr- 
ence  of  fhost  sidetij  m  r*  the  difference  of  the  acgmentu  of  the 
daecj  madr  by  fhr  fier/ivndicular  BE  ;  viz.  the  difference  be- 
ttoeen  AE  and  ED. 

Produce  Ji  O,  till  BG^AB  the  lesser  lej? ;  and 
on  i9  as  a  centre,  uith  the  distance  BG  or  BA^ 
describe  a  circle  AGHF;  which  will  cut  J9 '),  and 
Aiy  in  the  poinds  //and  F;  then  it  is  plain,  that 
GD  will  b(*  the  sum,  and  HD  the  difference  of 
the  sides  AB  and  BI)  ;  also  since  AK=EF(hy 
theo.  8.  sect.  4.)  therefore,  FD  is  the  difference  of 
AE  ED,  the  segments  of  the  base  4  but  (by  theo. 
17.  sect.  4.)  AD  :  GD  : :  HD  :  FD  ;  that  is,  the 
base  is  to  the  sum  of  the  other  sides,  as  the  differ- 
ence of  those  sides,  is  to  the  difference  of  the  seg- 
ments of  the  base.    Si.E,  D. 

THEO.  IV. 

Fig,  13. 

If  to  half  the  9um  of  two  qvantitieti^  be  added  half  thiir 
difference  ;    the  sum    loill  bv  the  great d^  t  of  ihcm  ;    and  if 
from  half  the  sum  be   subtracted  half  their  difference  s    the 
remainder  ivill  be  the  least  of  them. 

Let  the  two  quantities  be  represented  by  AB 
and  BC :  (making  one  continued  line;)  whereof 
-4  R  is  the  greatest,  and -BC  the  least;  bisect  the 
whole  line  AC  in  E ;  and  make  AD=^BC;  then 
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it  18  plain»  that  AC  is  the  sum,  and  DB  the  differ- 
ence  of  the  two  quantities ;  and  AFs  or  Ed  their 
half  sum,  nnd  DE  or  EBiks&a  half  diflerence.  Now 
if  to  AE  we  add  EB^  we  shall  have  AB^  the  great* 
est  quantity  ;  and  if  from  EC'we  take  EB^  we  shall 
have  ^C7  the  least  quantity.     Q.  E.  D. 

Cor.  Hence,  if  from  the  greatest  of  two  quanti- 
ties, we  take  half  the  diflerence  of  them,  the  re- 
mainder will  be  half  their  sum ;  or  if  to  half  their 
difference  be  added  the  least  quantity,  their  suiq 
'Will  be  half  the  sum  of  the  two  quantities. 


OBLIQUE  ANGLED  TRIANGLES. 

CASE  I. 


m 

TWO  sidesy  and  an  angle  ofipotite  to  one  qf  them  given  :  to 

findtht  Uher  angle$  and  side, 

pl.  5,yig,  11. 

In  the  triangle  ABC^  there  ia  given  AB  240,  the  angle  A 
46®  •^0/,a72£^  BC2m  ;  to  fnd  the  angle  C,  being  acute^  the 
angle  B^  and  the  aide  AC, 

\st.  By  Construction. 

Draw  a  blank  line,  on  which  set  AB  240,  from 
a  scale  of  equal  j^arts  ;  at  the  point  Ay  of  tho  line 
-rfj?,  make  an  angle  of  46^  30^,  by  an  indefinite 
blank  line ;  with  BC  ^200,  from  a  like  scale  of  equal 
pirts  that  AB  was  taken,  and  one  foot  in  By  des- 
cribe the  arc  DC  to  cut  the  last  blank  line  in  tho 
points  D  and  C,  Now  if  the  angle  C  had  been  re- 
quired obtuse,  lines  from  D  to  By  and  to  Ay  would 
constitute  the  triangle  ;  but  as  it  is  required  acute, 
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draw  the  lines  from  C  to  B  and  to  yf,  and  the  tri- 
angle iflC  is  constructed.  From  a  line  of  chords 
let  the  anjyles  J5 and  Che  measured  ;  and  ^Cfrom 
th^  same  scale  of  equal  mrts  that/4B  and  BC  were 
taken  ;  and  jou  will  nave  the  answers  required* 

Qd.  By  Calculation. 

This  is  performed  by  theo.    1.   of  this  sect* 
thus; 

AiBC  =  200  S.30IO3O 

is  to  the  sine  oi  A  =  46°.  30'  9.860563 

SoisJB  =  240  2.380211 


192^40773 
to  the  sine  of  C,    -    60°  31'  9.939743 

180" — the  sum  of  the  angles  >#  and  (7,  will  give 
the  angle  ff,  hy  cor.  1.  theo.  5.  sect.  4. 
A  46°.  30/ 
C60.    31 


180°— 107°.  1^=72°.  .'}9'=B. 

As  the  sine  oi  J  =  46°   30'  9.860.562 

is  to  BC,  =  200  2..'501030 

So  is  the  sine  of  5  =  72°.  59^  9.i:S0555 


12.281685 


to  AC,  =  263.  7        2.421023 

3d.  By  Gunier's  Scale. 

Extend  from  200  to  240,  on  thp  line  of  numbers ; 
that  distance  will  reach  from  46°  30'  on  the  line 
of  sines,  to  60°  31 '  for  the  angle  C 
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Extend  from  46^  30',  to  79<>  59/,  on  the  line  of 
mnes  ;  that  distnnco  nill  reach  from  900  to  963.7 
on  the  line  of  numbers,  for  AC. 

Note.  Tho  method  by  Naturil  Sines  will  be  ob- 
vious from  the  foregoing  analogies. 


CA'iE  IT. 

7Vk>  anglea  and  a  tide  given  ;  tojind  the  other  Mci. 

Pl,  S.Jig.  15. 

In  the  triangle  ABC^  there  is  the  angle  A  46*>  30/  AB  230, 
mnd  the  angle  B  37**  ^(}^  ^  given  tojind  AC  and  BC. 

IsL  By  Construction. 

Draw  a  blank  line,  upon  which  set  AB  930, 
from  a  scale  of  equal  parts  ;  at  the  i)oint  A  of  the 
line  AB^  make  an  angle  of  46^  30 ^  by  a  blank- 
line  ;  and  at  the  point  B  of  the  line  AB  make  an 
angle  of  37^  .%',  by  another  blank  line  :  the  in-, 
tersection  of  those  lines  gives  the  point  C,  then  the 
triangle  ABC  is  constructed.  Measure  AC  and 
MC  from  the  same  scale  of  equal  parts  that  AB 
was  taken ;  and  you  have  the  answer  required. 

Qd.  By  Calculation. 

By  (cor.  l.theo^.  sect.  4.)  180^ — the  sum  of 
the  angles  A  an*!  Bz=C. 
A  46«  30' 
B  37.  30 


180^-.84^.  00'  =  96^  00/  =C. 


i/ 


1S6 
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*  By  def.  97.8oct.  4.  Tho  sine  of  96^:=:the  sine 
of  84^  which  is  the  siipplement  thereof  ;  therrtore 
instead  of  the  sine  of  96^,  look  in  the  tables  lor 
the  sine  of  84*. 


By  theo.  1 .  of  this  sect. 


As  the  sine  n(  C    mm 
is  to  AB,           = 
So  is  the  sine  oi  A  = 

96' 
46' 

■■  S7' 

'»00'' 

Q30 

»  30/ 

167.8 

00/ 
230 
»  30/ 

9.99761 4 
3.361728 
9.860563 

13.<^2O90 

ioBC, 

As  the  sine, of  C    = 
is  tf)  ABy           = 
So  is  the  sine  of  ^  = 

3.224676 

9.997614 
2.361728 

9.784447 

19.146175 

to  AC, 


140.8        2.148561 


3d.  By  Gunters  Scale. 

Extend  from  84^  (which  is  the  supplement  of 
96^)  to  46^  30'  on  the  sines  ;  that  distance  will 
reach  from  230  to  168,  on  the  line  of  numbers^  for 
BC. 


Extend  from  84^  to  37^.  30^  on  the  sines  ;  that 
extent  will  reach  from  230  to  141,  on  the  line  of 
numbers,  for  A  C. 


fcV.« 


«■■. 


A, 


''  TRIGONOMETRY.  127 


CASE  HI. 

Tfvo  »de§  and  a  contained  angle  given  ;  to  Jind  the  other  an- 

glea  and  ttide. 

Pl,  5.  Jig,  16. 

In  the  triangle  ABCy  there  is  JH  240,  the  angle  A  SG**  4(y 
and  AC  180,  given  ;  to  find  the  angles  Cand  JB^  and  tfte  Mt 
BC. 

\zt.  B-  Construction. 

Draw  a  bllink  line,  on  >/v  hich  from  a  scalpof  equal 
parts,  lay  AB  '240  ;  at  the  point  A  of  the  line  yj  jB, 
make  an  angle  of  Sfi'*  40^ ,  by  a  blank  line ;  oa 
which  from  J/,  lay  AC  180,  from  the  same  scale  of 
equal  parts  ;  measure  the  angles  Cand  B,  and  the 
the  side  BCj  as  before  ;  and  you  have  the  answers 
required. 

Qd.    By  Calculation. 

By  cor  1.  theo.  5.  sect.  4.  180^ — the  angle  A 
36^.  40'  =  143*'.  90/  the  sum  of  the  angles  C  and 
B :  therefore  half  of  143^.  20',  will  be  half  the 
sum  of  the  two  required  angles,  C  and  B. 

By  theo.  2.  of  this  sect. 

• 
As  the  sum  of  the  two  sides  AB  and  AC  =  490 

is  to  their  difference,  =  60 

So  is  the  tangent  of  half  the  sum  ^f   ?  _  71^  4<V 
the  two  unknown  angles  C  and  B  j 
to  the  tangent  of  half  their  diflereace  ^  93^  iW*' 
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By  theo.  4 

To  half  the  snm  of  the  n  n.crles  Cand  B^7l^  40^ 
Add  half  their  chlFerence  as  now  found  :=  23  90. 


The  sum  is  the  greatest  angle,  or  aiig.  C=95  00 
Subtracts  and  you  have  the  least  angle,  or  B—iS  20 


The  angle  C  and  £  being  found  ;  BC  is  had,  as 
before,  by  theo.  l.ol  this  sect.  Thus, 

.   «j,  B  ."  ./fC  *  *  w  .*  t/j  .'  xjC 
48^  a(y  :  180  :  :  Sd^  ^M :  liS.  9. 

Sd.    Bi)  Gmiters  Scale. 

Because  the  two  lirst'terms  are  of  the  same  kind, 
extend  from  4^20  to  60  on  the  line  of  numlx^rs  ;  lay 
that  extent  from  45®  on  the  line  of  tangents,  and 
keejjing  the  left  leg  of  your  compasses  fixed,  move 
the  light  leg  to  71^.  40  ;  that  distance  laid  from 
45®  on  the  same  line  will  reach  to  •23®.30^  the  half 
dillV rence  of  the  required  angles.  Whence  the  an- 
gles are  obtained,  as  before. 

The  second  proportion  may  be  easily  extended- 
from  what  has  been  already  said. 

CASE  IV. 

Pl.  5.  fig,  ir. 

The  three  sides  s'lvt-ii^  to  find  the  angles. 

^  In  thr  triangle  A1K\  there  m  given^  JB  6!,   JC  -17,    BC 
•H  :   the  angles  .^,  Ji^  C,  urv  rcqiiired. 
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lit.  Bif  CoMtrKctiM. 

The  constniction  of  this  triangle  most  be  mani- 
leBU  iram  prob.  I.  sect  4. 

Qd.  Bj  Calculation. 

From  the  point  C,  let  fall  the  perpendiciilar  CD 
on  the  base  aBj  and  it  will  aivide  the  triangle 
into  two  right  ani^led  ones*  ADC  and  CBD  ;  as 
well  as  the  base  AB$  into  the  two  aegmentSy  AD 
find  DB. 

AC    47 
BC    34 

Sum  81 

Oifierence    13 


By  theo.  3.  of  this  sectt  ^ 

As  the  base  or  the  longest  side^  AB  64 

is  to  the  sum  ot  the  other  sides,  .^Cand  BC,  81 

So  is  the  difference  of  those  sides  13 

to  the  difference  of  the  uegments  of  )  i#;  a#: 
the  base  AD,  DB.  ] 


By  theo.  4.  of  this  sect. 

To  half  the  base,  or  to  half  the  sum 

of  the  segments  AD  and  DB. 
Add  half  their  difference^  now  fbundy        8.^ 


I 


tfSi 


Their  sum  will  be  the  greatest  segnejit  JD  40.Q3 

S 
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Subtract,  and  their  difference  will  be  >       09  iw 
the  least  segment  DB,  S 

In  the  right  angled  triangle  J  DC,  there  is  wtf  C  47* 
and  ^D  40.  3S»  ^ven,  to  find  the  angle  A. 

This  is  resdved  bj  case  4>  of  r^ht  angled  plane 
tcigonometiy,  thus, 

AD :  R  :  :  AC :  Sec.  A. 
40. 2S :  90®  :  :  47  :  31«  08^ 


Or  it  may  be  had  by  finding  the  angle  ACD» 
the  oomplMncnt  of  the  angle  A  ;  without  a  secant* 
thui^ 


:  Jt :  :  AD  :  S.  ACD. 
44:  900:  : 40. S3:  58«'53^ 

90— 68<'  52^=31*'.  oy,  the  angle  A. 

Then  by  theo.  1  of  this  sect 

BC :  S.  A  :  :  AC ;  S.  B. 
34:  31*08':  :47:  45»37. 


By  cor.  1.  theo.  5.  sect.  4.  180'*-4he  sun  of  A 
and  Bm>C. 

ASl'.Oif 
J?45.  37 


180»--76.  45=  1030. 15  ^  the  angle  C. 


\ 
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3d.  By  Gunta's  Scale, 

The  first  iiro[0rtion  is  extended  on  the  line  of 
numben ;  ana  it  is  no  matter  whether  jou  extend 
from  the  first  to  the  third,  or  to  the  second  term* 
idnce  they  are  all  of  the  same  kind :  if  you  extend 
to  the  second*  that  distance  appKed  to  the  tlunU 
will  give  the  fourth ;  but  if  yon  extend  from  tbft 
first  to  the  third,  that  extent  will  reach  from  the 
second  to  the  fourth. 

The  methods  of  extending  the  other  proportioiis 
liave  been  already  fully  treated  of. 


An  examfUe  in  each  etue  t(f  oWjrue  angted  tri 

AC       Q90)A 
AB       9SqSBC 


1.  Given,  \    T  69".  ao '  f  ^  _  required. 


(C    W.90')AB 
S.  Given,  <B    128«.  30  }     required. 


JC       3246 


3,  Given 


{AB         A6)A 

4^.CiltlU,<AC         93 > il  required. 

(£C         52  J  C 
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Additional  Exercises  with  tteir  Answers. 


QUESTIONS  FOR  EXERCISE. 


I 


1.  Given  the  Hynothenuse  I(^  anrt  the  Angl^ 
apposite  the  Perpcnmcul, 
OHie  and  Perpendiouiar- 


jeite  the  Perpcnmcular  'i5*  36;  required  ti> 


Answer.  The  Base  is  97.4.,  and  the  Perpendici» 
lar  46.66. 

2.  Given  the  Base  96  and  its  oppnaite  Angle  71" 
45  / ;  required  ihe  Perpendicular  and  tiie  Hypothe- 
nuse. 

Answer.  The  Perpendicular  is  51.66  and  the 
Hypothenuse  lOl.I. 

S.  Given  the  Perpendicular  360and  itgoppositfta 
Angle  58*"  30  ';  required  the  Base  and  the  Hyp 
thenuse. 

Answer.  The  Base  is  2^  and  theHypotho 
nuse  4'33. 

4-.  Given  the  Base  7'20  and  the  Hyiwthenua* 
980;  required  the  Angles  and  the  Perpendicular.  ' 

Answer.  The  Angles  fire  47°  I7'nnd  42*  4yJ 
and  the  Perpendicular  664.8 

5,  Given  the  Perpendicular  llOSafliNbe  Hy-_ 
pothenuse  1 76.5 ;   requited  the  Angles  and  ' 

Answer.  The  Angles  are  38*  W  and  51'' 
and  the  Base  137.8. 

6.  Given  Ihe  Base  360  and  the  Perpendicular 
480;  required  the  Angles  and  the  Hypothenuse, 
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Answer.  The  Angles  are  53"^  8^  and  36"^  52', 
and  the  Hjpothenuse  600. 

7.  Given  one  Side  199f  an  adjacent  Angle  56^ 
30^9  and  the  opposite  Angle  81^  36'  :  required 
the  third  Angle  and  the  remaining  Sides. 

Answer.  The  third  Angle  is  41^  5V,  and  the 
remaining  Sides  are  108.7  and  87.08. 

8.  Given  one  Side  96.5,  another  Side  59. 7>  and 
the  Angle  opposite  the  latter  Side  31  ^'SO^' :  requir- 
ed the  remainingAngles  and  the  third  Side. 

Answer.  This  Question  is  ambiguous  ;  the  given 
Side  opposite  the  gix^en  Angle  being  less  than  the 
other  given  Side  (see  Rule  I, ;)  hence,  if  the  Angle 
oppiisite  the  Side  96.5  be  acute,  it  will  be  57^  38  ^ 
the  remaining  Angle  90^  52/,  and  the  third  Side 
1 14.9 ;  but  if  the  Angle  opposite  the  Side  96,5  be 
obtuse,  it  will  be  129^  22' ,  the  remaining  Angle 
26^  8' ,  and  the  third  Side  50.32. 

9-  Given  one  Side  110,  another  Sifle  102,  and 
the  contained  Angle  113®  36:  required  the  remain- 
ing Angles  and  the  third  Side. 

Answer.  The  remaining  Angles  areSt®  37^  and 
31®  47',  and  the  third  Side  is  177.5. 

10  Given  the  three  Sides  respectively,  120.6, 
185.5,  and  146.7:  required  the  Angles. 

Answer.  The  Angles  are  5 1  ®  53 ' ,  54®  58  ",  and 
73®  9  A 

The  stndenty  who  has  advanced  thus  far  in  this 
work  with  diligence  and  active  curiositj',  is  now 
prepared  to  study ,  with  ease  and  pleasure,  the  fol- 
lowing part ;  which  comprehends  all  the  necossary 
directions  fw:  the  practice  of  Surveying. 
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PART  II, 


Or  ^e  Practical  Starveyor's  Guide. 


SECT.  I. 


Containing  a  fiariictilarDeacrifition  qftke  several  Instruments 
U9edin  Surveyings  with  their  resfiectrve  Uses. 


THE  CHAIN. 

I  HE  stationary  distance,  or  merings  of  ground, 
are  measured  either  by  Gunter's  chain  of  four 
poles  or  perches,  which  consists  of  100  links ;  (and 
this  is  the  most  natural  division)  or  hy  one  of  50 
links,  which  contains  two  poles  or  perches  :  but 
because  the  length  of  a  \yeYch  differs  in  many 
places,  therefore  the  length  of  chains  and  their  re- 
spective links  will  differ  also. 

The  Enf>lish  statute-perch  is  5i  yards,  the  two- 
pole  chain  is  1 1  yards,  and  the  four  pole  one  is  22 
3'ards  ;  hence  the  length  of  a  link  in  a  statute- 
chain  is  7.92  inches. 

There  are  other  perches  used  in  different  parts  of 
England,  as  the  i^crch  of  woodland  measure^  which 
is  6  yards  ;  that  of  clmrch-layid  measure^  which  is 
7  yards,  and  i\\^  forest  measure  pcrchy  which  is  8 
yards. 
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For  the  more  ready  rcckining  tlie  links  of  a 
four-pole  chain,  there  is  a  larjje  ring,  or  Bomelirnes 
a  round  piece  oi  brass  lixed  at  every  10  links  ;  and 
aT  .50  links,  or  in  'he  raidJie,  there  are  two  large 
Tiiii;s-      In    sucti  chaitis  as   have    a  brass   piece 
at  fvery  10  links,  there  is  the  figure  1  on  the  first 
liece,  Qon  the  aeconii,  •'3on  tlie  third,  A'c.  to  9.  By 
!ading  therefore    that  eti'l  ol  the  chain  forirard, 
hich  has  the  least  number  next  to  it,  he  who  car- 
ties  the  hinder  end  nwy  easily  d^eriniire  any  nura- 
ber  of  links  :  thus,  it  he  fans  t lie  lirsMB  piece  number 
8>  next  to  him,  and  six  links  more  in  a  'liitancei 
lat  distance  is  8<1  links.      Alter  the  tame  manner 
lO  may  be  counted  tor  every  largo  ring  ol  a  chain 
vhich  has  not  brass  pieces  on  it ;  and  the  number 
of  links  is  thus  readily  determined. 


The  two-pole  chain  has  a  large  ring  at  every  10 
links,  aVld  in  its  middle,  or  at  Qo  links,  'here  areii 
large  rings;  so  tliat  any  niimtierni  liuks  may  be 
tlie  more  readily  counted  off,  as  before. 

.  The  surveyer  should  be  careful  to  ha%'e  his  chain 
neasurcd  before  he  proceeds  on  business,  for  the 
rings  tie  apt  to  open  by  frequently  using  it,  and 
's  length  IB  thereby  increased,  so  that  no  one  can 
e  too  circumspect  in  this  point. 

In  measuring  astationary  distance,  there  is  an 
ibject  fixed  in  the  extreme  point  of  the  line  to  be 
'"Measured;  this  is  a  direction  for  the  binder  chain- 
man  to  govern  the  foremost  one  by,  in  order  that 
the  distance  may  be  measured  in  a  right  line  ;  for 
!  binder  chainman  causes  the  other  to  cover 
s  ot^ect,  It  is  plain  the  foremost  is  then  in  a  right 
Btownrdsit.      Forilii»ren»')u  itia  iiecfssary  to 
)  a  person  that  can  lie  relied  on,  at  the  hinder 
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end  oT  the  chain,  in  order  to  keep  the  foremost 
mnii  in  a  fight  line;  and  a  8urve_yor  who  has  no 
such  person,  should  chain  hiraeelf.     The  inaccura- 
cies of  moat  surveys  arise  from  bad  chaining,  that  n 
is,  from  atraytng  out  of  the  right  line,  as  well  astrotnl 
other  omissions  of  tlie  hinder  chainman:  no  per- j 
son,  therelore,  should   be  admitted  at  the  hindeifl 
end  of  the  chain,  of  whoso  abilities  in  this  resiject*: 
the  surveyor  was  not  previously  convinced  ;  sincofl 
thesiiccess  of  the  survey,  in  a  grest  measure,  de- 
pends on  his  care  and  stull. 


In  setting  out  to  measure  any  stationary  distance 
the  foreman  of  the  chain  carries  witti  him  lOirnn 
pegs  pointed,  each  about  ten  inches  long  ;  and 
wlien  he  has  stretched  the  chain  to  its  full  lengtb> 
he  at  the  extremity  thereof  sticks  one  of  those  pegs 
perpendicularly  in  the  ground ;  and  leaving  it 
tlicre,  he  dr&ws  on  the  chain  till  the  hitrttermim 
checks  him  when  he  arrives  at  that  peg :  thechaii^i 
being  again  stretched,  the  fore  man  sticks  dovni 
another  ijpjj,and  the  hind  man  takes  up  the  former 
and  thus  they  proceed  at  every  chain's  length  con- 
tained ill  the  line  to  be  measured,  counting  the  sur^' 
plus  links  contained  between  the  last  (Kg,  and  thei 
object  at  the  terminatioQ  of  the  line,  as  before 
that,  the  number  of  pegs  taken  up  by  the  binder 
chainman,  expresses  the  number  of  chains  ;  to 
which,  if  the  odd  links  be  annexed,  the  distance 
line  required  in  chains  and  l<nks  is  obtained,  which 
must  be  registered  in  the  field  book,  as  will  hereaf- 
ter be  shewn. 


it 

1 

i 


If  the  distance  exceeds  10,  30,  30,  A'c.  chBins* 
when  the  leader's  pegs  are  all  exhausted,  the  hind- 1 
er  chaimnan,  at  the  extremity  of  the   10  chains, 
delivers  hira  all  the  pegs  ;  trom  whence  they  pro- 
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^^  eoi 


'XliRT '     ■      ■  ■■ ;  nre 

«gft;ii  the 

extrr-,  ..,  :  ..   ._..  .■.  .  ..:.:i  ihc 

pegs,  '   ■;/  i^irwrfi  to  mcitsun*  the 

wfi^l'  .  .  the  li)(e  manner  ;  thco  it  is 

£h'n,  IU..L..  I  '>f  pfEfi  iht-  hinder  chaianwn 

u,  Iwing  aitdi'J  lo  10,  if  he  had  licltvured  all  the 
>e,^ouce  tothe  le»rier,  or  m '*0  if  twice,  or  (o30 
lif  tlirice,  iS*(-.  will  give  the  iiurnhemf  chains  in  'hat 
^dtNtan^  ;  to   which  if  the  surplns  links  be  a<ltled, 
'the  loiia'h  of  the  aLatioiuiry  dislancetN  IcQOWJi  in 
s  anil  Uaks. 


It  is  cuBtamary I  and  iiuleet)  necessary,  to  liive  red, 
or  other  cotoiirod  cloth  fixed  Xn  titp  lop  ol  each 
peg,  that  the  hinder  manal  the  chain  may  the  more 
readily  find  Iheni ;  otherwiw,  ill  chiiiiun.^  through 
corn,  high  grass,  hriars,  rushes,  AV.  i(  would  (»  ex* 
itrent'ly  diHicult  (n  find  the  pegsi  which  tbe  leader 
its  down  :  hy  thin  means  nft  lime  is  lost,  which 
©thcrwise  must  be,  if  no  doths  are  fixed  to  the  pegs, 
B  before. 

It  will  be  necessBTy  hereto  otflerve.lhat  all  slant, 
^orindintd  BUT  faces.  Its  nidus  of  hilW,  are  mcasnre<l 
■liofiznotally,  and  not  nn  the  [lUno  or  surface  of  tbo 
f  Siill.and  iatbus  affected. 

Pl.  B./j.  1, 

I^el  ^/(C  be  a  bill,  the  hindmost  cbainman  is  to 
mid  the  en<l  if  the  chiiiii  peri«ndif  ularly  over  the 
3iut-il  (which  he  can  the  t*llci  tfiecl  willia  plum- 
nvt  and  tine,  then  by  letting  n  stone  drop,  which 
■  moat  usual)  as  <^  is  over  A,  while  llie  lender  jmts 
lowubiapeg  at  e  :  the  eye  can  direct  the  hnnzon* 
tioa  near  enough,  but  if  greater  accuracy 
T 
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end  ti[  the  chain,  in  ad< 

2L.I.  JD  h  right  line;  and 
su'jt  pfun:..  sti-iuii 

K.  :-tx  r.-6Virj;  am  of  tiei 
r::-?-  nr.uKi'^K  oj  the  li 
S":    ■i-i-tixf.  &hoald  he 

:  ..  ::>i  ;na.  j.  of  wixm 
\:f  f :;- :  -  n-  was  nos  pnev 

:«Lijf  -MLj  _*:  "■" 

I ;  *  ~-r^  :i.~. :  ■•  Dmn 


tc 

THETHMN                      '  ^^1 

r*  at 

1-  ^^^^H 

M9 

'°.^^^l 

nuund^r  will  I;e  Oic  UnVj,,  UilOr^^^^H 

(lurpote  chnuii  iuw  mwj^^^H 

borpnle  cluuiiSt  inw  nuj         ^ 
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^^H 

^^H 

Bflant. 
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^^^1 
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^l^^^l 
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ftre  meaiiurcil  hy  a  stalulecliaru,  it  will  gi«^yml 
the  n):le9  Fnglish,  but  il  by  <i  |)lantatinn  chniui  the 
miles  will  be  li-iSti.  Hence  an  EngliBli  inile  e-'ft- 
tains  l760,and  an  Inshinlc-^240  y;fr(l8  ;  and  f)e- 
CUUH14'  half  raHsisan  Irish,  an) 'I  I  hnlf  }'anli)  is 
ail  Knglish  percti,  lhertf"rp  I!  Irisli  perches, 
Irish  miles,  are  equal  m  14  English  onoa. 

Since  8nme  sun'e\-s  are  taken  hy  a  tour-pnle,  antf  1 
others   hy  a  twonole    chain  ;  and  as    grrtund  for 
boiiscs  is  mejisured  hy  I'eet,  we  will  *lii 'v  Irow  t"  < e- 
duce  one  to  tbeothvr,  in  tiio  I'allowing  probknts. 


r/iOR  I 

To  reduce  two-flole  thains  and&nkt  toJbur.fioU  imtt. 


If  the  number  of  chains  be  even,  *he  half  of 
them  will  l)e  tfae  four-polo  ones,  to  wbJchftQuex  ttie 
given  links,  thus, 


Oi.       I. 

I.  In  l6.      37  of  tiro-pole  chains,  how 
four-pole  ones  ? 


Ch. 

Answer  8. 


But  if  the  number  of  chains  be  odd,  take  the 
hidt  of  them  forchains,  and  add  50  to  the  linlu, 
and  tliey  will  be  four-pule  chains  aod  luiki»Uiui 

C/i.      L. 
{2.  In  17.      42  of  two-pole  cbaius,   how  i 
four-pole  ones  ? 

Cb.     L. 
Apswer  8.    &3, 


^  it'   J    *  • 
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PltOB.  If. 

To  reduce  fouv'polc  chains  and  Unksj  to  tvo-fiole  oneo. 

Druihle  the  chains,  to  which  annex  the  links,  if 
thej  be  less  than  50  ;  but  if  they  exceed  50,  dou- 
ble the  chains,  add  one  to  thero*  and  take  50  IVom 
the  links,  and  the  remainder  will  be  the  links,  thus» 

Ch.      L 
1.  In  8.       97  of  four-pole  chaino,  how  mmj 
2  two>poie  ones  ? 

16     37 


Ch.  L. 

Q.  In  8.  89  of  four-pole  chains^  how  manj 

S.  50    two-pcle  ones  ? 

17.  32    Answer. 


PP.OB. 


To  reduce  JouiF'ftole  chains  and  Hnks^  to  fierches  and  decimals 

of  a  perch. 


Ch.  Z. 

How  many  perches  in  13.  64   of   four-pole 
fchaum,  ^ 

Answer  54w  56  perches^ 
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PROB.  IF. 

n  reduce  tv^'fiole  chain*  and  linktj  to  fierchee  and  decimaik 

qf  a  fierch. 

They  may  be  reduced  to  four-pole  ones  (by  pi  ob. 
1.)  and  theuge  to  perches  and  decimals  (by  tiie 
tut.)  or. 

If  the  links  be  multiplipd  by  4,  carrying  one  to 
t&e  chains,  when  the  links  are,  or  exceed  25;  and 
the  chains  by  2,  adding  one,  if  occasion  be  :  the 
product  will  be  perches,  and  decimals  of  a  perch. 
Thus, 

C/i.      L. 
1.  In  17.      SI  of  two^pole  chains,  bow  many 

2.         4  perches. 

■       ■ 

Answer,  34.      84percJ;i^s.  , 


Ch.  L, 

2.  In   15.  38  of  two-pole  chains,  how  many 

2.  4  |)erches? 

Answer,  3\.  ,  52  perches. 


PHOB.  r. 

f 

To  reduce  fierchea^  a»id  decimals  of  a  ficrc/i^  iofour-fiole  cltahu 

and  links. 

Divide  by  4,  so  as  to  have  two  decimal  jilaces  in 
the  quotient,andtliat  will  be  four-pole  choixia  and 
links.     Thus? 
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In  31 .  53  perches,  how  many  ft»ur-pole  chaiai 
and  luik0  ? 

CA.      I. 

4).'51^2(7.      88  Answer, 

35 


d9 


PBX)iB, 

T9  reduce  pereke9  and  decimaU  ^fa  fierchy  to  tvfthfiolt  chain$ 

Ofid  4ink9% 

The  perches  may  b6  reduced  to  t  )Ur-pole  chains 
(by  the  last)  ana  from  thence  to  two-pole  chains 
(by  prob.  2.)  or, 

Divide  the  whole  number  by  2,  the  quotient  will 
be  chains  ;  to  the  remainder  annex  the  givcii  deci- 
mals, and  dh'ide  by  4,  the  last  quotient  will  be  the 
links..    Thus, 

In  31.53  perches,  how  many  two-pole  chains  and 
links  ? 

Ch,    L. 

2)31.52(15.  38  Answer. 

11 

4)152(36 
32 
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PROS.  VIL 

n  reduce  ckairu  and  Unks^  to  feet  and  decimal  fiarte  qf  a 

If  they  be  two-pole  chainB*  reduce  them  to  four- 
pole  ones !  (by  prob.  1 .)  these  being  multiplied  by 
the  feet  in  a  four-pole  cbain»  will  give  the  feet  and 
decimals  of  a  foot    Thus» 

Ch.    L. 
In  17.    31  of  two-pole  chainst  bow  many  feet? 

C%.    Id* 

8.    71  of  fou^pole  chains. 
66  feet  =  1  chain. 


5^^.  Feet    Inches 

5Qfi6     Answer  574.     lOi. 


Feel  574.86 
12 


Inches  10.32 

4 


1.38 


PROB.  VIIL 

To  reduce  feet  andinchee  to  chaine  andlinks* 

Reduce  the  inches  to  the  decimal  of  a  foot,  and 
annex  that  to  the  feet ;  that  divided  by  the  feel  in 
a  four-pole  chaiD>  will  give  the  lour  pole  chains  and 
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links  in  the  quotient :  these  may  be  reduced  to two> 
pole  chains  and  links*  if  requiredt  by  prob.  S. 
Thus, 

Feet.    Inches. 
In  SI  7.        9    iinv  many  twvpole  chains  ? 
13)9.00.(75  the  decimal  of  9  inches. 

60 


^)317.75(3.  29  of  four-pole  chains,  or 

197 

ai.  L. 


655    6.    ^ 
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Hew  to  take  a  Survey  hf  the  Cbaqt  mlif. 

PROB.  I. 

T6  Murvcy  afiieee  qf  ground^  by  going  round  ii^  and  the  me- 
thod of  taking  the  angiet  qf  thejieldj  by  the  chain  only. 

Pl.  6.  Jig,  6. 

LetjtBCDBFG  be  a  piece  of  ground  to  be  sur- 
veyed :  beginning  at  the  point  A^  let  one  chain  be 
laid  in  a  direct  line  from  J^>  towards  G,  where  let  a 
peg  be  left,  as  at  c;  and  again,  the  like  distance 
trom  A  in  a  direct  line  towards  B,  where  another 
pf?g  is  also  to  be  left>  as  at  d:  let  the  distance  from 
dtochd  measured,  and  placed  in  the  field-book,  m 

U 
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the  seoond  column  onder  the  dennmination  of  «lt- 
glea,  in  II  line  with  Btation  No.  1 ;  and  in  tlic  same 
line, under  tbe  title  of  distances, in  the  third  colun)n> 
let  tlie  measure  of  the  line  AH  in  chains  and  links 
be  inserted.  Being  now  arrived  at  B,  let  one  chain 
be  laid  in  a  direrl  line  from  B  towards  A,  where  let 
a  peg  !w  left,  as  at/,  and  again,  the  like  distance- 
from  5  in  a  dinct  line  towards  C,  where  let  also 
another  peg  be  left,  as  at  e  ;  (he  distance  from  c  to 
y  is  tn  he  inserted  in  the  litld-bookin  I  he  second 
column,  under  angles,  in  a  line  with  station  No.  3; 
and  in  the  same  line,  nnder  the  title  of  distances 
in  (he  third  column,  let  the  measure  of  the  line 
BCi  in  chains  and  links,  he  inserted  :  after  the 
same  manner  we  may  (ffoceed  from  C  to  D,  and 
thence  to /J;  but  because  the  angle  at /■■Vri:  FEDt 
is  an  external  angle,  after  having  laid  one  chain 
imm  E  to  A,  and  to^,  the  distance  from^  to  k'a 
meaKured.and  inserted  in  the  column  of  angles,  in 
a  line  with  station  No.  5.  and  on  the  side  of  the 
field  hook  against  that  station,  we  make  an  asterisk, 
thufi  *,  or  any  other  mark,  to  signify  that  tnbe  an 
external  angle,  or  one  measured  out  of  the  ground. 
Proceed  we  then  as  before,  from  E\a  F,  to  G,  and 
thence  to  A,  measuring  the  angles  and  distances, 
and  placing  them  fls  before,  in  the  field-book,  oppo- 
site to  their  respective  slatious  ;  so  will  the  field- 
book  be  completed  in  manner  following. 

iV.  B.  After  this  manner  the  angles  for  inac-. 
oessible  distances  niav  be  taken,  and  the  method 
of  conatrncling  ot  laying  them  down,  as  wpU  aa 
the  const' i,ct)on  of  the  map,  from  tlie  following 
field-noles,  must  he  obvious  from  the  method  '^ 
taking  them. 

The  form  of  the  field-book,  with  the  title. 


K 
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A  field-book  of  part  of  the  land  of  Grange,  in  the 
parish  of  Portmarnock,  barony  of  Coolock,  and 
county  of  Duhlin ;  being  part  of  the  estate  of 
L.  P.  Esq.  let  teC  D-  farmer.  Surveyed  Janu- 
ary,*). 1782. 

Taken  by  a  four  pole  chain. 


Remarks 


Mr.  J.  D*8  part  of  Grange 
Mr.  L.  Ps  partof  Portmarnock 


Widow  J.  G's  part  of  Grange 


Xnglesf  Distan. 
Gh.  L.f  Ch.JL. 

17.65 
18.50 
28.00 
20.00 
14.83 
19.41 
24.53 

Cloie  m  the  ^t  cution. 


Explanation  of  the  remarks. 

Mr.  J.  D's  part  of  Grange  bounds,  or  is  adjacent 
to  the  surveyed  land  from  the  first  to  the  third  sta* 
tion  ;  Mr.  L.  P's  part  of  Portmarnock  bounds  it 
from  the  third  to  the  fourth  station  ;  'the  strand 
then  is  the  boundary  from  thence  to  the  sixth,  and 
from  the  sixth  to  the  first  station,  the  widow  J.  G's 
part  of  Grange  is  the  boundary. 

It  is  absolutely  necessary  to  insert  the  persons* 
names,  and  town-lands,  strands,  rivers,  bogs,  ri* 
vulet's,  Sgc.  which  bound  or  circumscribe  the  land 
which  is  surveyed,  for  these  must  be  expressed  in 
the  mapi 

In  a  survey  of  a  town-land,  or  estate,  it  is  sufTi* 
r.ient  to  mention  only  the  circumjacent  town-lands. 
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without  tlic  occupiers'  names:  but  when  a  part 
only  of  »  rmv  n-luiid  is  surveyed,  then  it  is  neces- 
sMry'n  insert  thepereonor  persons'  names,  who 
h'llilany  jarticiilar  parcel  or  parrels,  of  8uc!i  toWD- 
land,  as  bound  the  parts  surveyed. 


When  an  angle  is  very  obtuse,  as  most  in  our 
present  figure,  are,  viz.  the  tingles  at  X  B,  C> 
£.  «nd  G  :  it  will  be  best  lo  lay  a  chain  Imm  the 
angular  point  as  at  A,nn  eachot'thecoulitiningmdos 
to  r  aii(l  to  li ;  aud  any  where  nearly  in  the  middle 
of  theanglo  as  ate;  moasiirinjjtlie  distances  cc 
am!  ed  ;  and  these  may  be  placed  for  the  angle  in 
the  iield  book.    Thus. 


No.    Sta. 


Angle. 
C/t.  L. 
1.03  i 
1-09! 


Ch.  L 
\7.65 


For  when  an  angle  is  very  obtuse,  the  chord 
line,  us  ed,  will  be  nearly  equal  tolbe  radii  Jc 
and  Alt  so  if  the  arc  ced  be  swept,  aud  the  chord 
limed  be  laid  on  it,  it  will  lie  liifTiculi  tr>  deierraine 
exactly  that  point  in  tlie  nrc  where  ed  cuis  it:  but 
if  the  angle  be  taken  in  two  parts,  asff  thearr,  and 
the  angle  theace  may  be  truly  determinolaudcon- 
Btructed. 


After  the  same  manner  any  piece  of  ground  may 
be  surveyed  by  a  two-pole  chain. 


I 
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PROB. 


To  take  a  ntroey  f^  a  fdece  of  ffroundfrom  any  ficint  within 
it^  from  w/tcnce  ail  the  angie9  can  be  9cen ;  by  the  chain 
anij^B 

Fl,  e./s'.  6. 

Let  a  mark  be  fixerl  at  any  point  in  the  ground 
as  at  A/yfrom  whence  all  the  angles  can  be  seon; 
let  the  measures  of  the  lines  JtAj  HBy  //C^  SCc. 
betaken  to  every  angle  of  the  field  from  the  point 
H ;  and  let  those  he  placed  opposite  to  No.  I ,  i, 
3y  4»  SCc,  in  the  second  column  of  the  radii :  the 
measures  of  the  respective  lines  of  the  mearing, 
viz  AB,  EC,  CO,  HE  SCc  being  placed  in  the 
third  column  of  distances,  will  complete  the  field- 
book.    Thus, 


Remarks. 

No. 
1 

llidii. 
f  h.L. 

Distan. 
Ch  L. 

iO.OO 

117.65 

2 

'21.721850 

3 

'21742800 

4 

26.34 

'20.00 

5 

17.00 

14.83 

6 

996219.41 

7 

'31.40j3-i.5.3 

Close  at  the  first  station. 


Ifanyline  of  the  field  be  inaccessiUe,  as  sup- 
pose CD  to  be>  then  by  way  of  proof  that  the 
distance  CD  is  true,  let  the  measure  of  the  angle 
C^O  be  taken  by  the  line  i^o,  with  the  chain:  if 
this  angle  corresponds  with  its  contaiiiingsiries,  the 
length  of  the  line  DC  is  truly  obtained,  and  the 
whde  work  is  truly  taken. 
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Note,  That 


1  setting  oiT  an  angle  it  is  neces- 
Hary  to  use  the  largest  scale  ol  equal  parts,  vh.  that 
ol'the  inch,  which  is  diagonally  divided  inlo  100 
parts,  in  order  that  the  angle  should  lie  accmately 
laid  down  ;  or  if  two  inches  were  thus  divided  lor 
angles,  it  would  he  the  more  exact  ;  for  if  is  by  no 
means  neccsKury  tliai  the  angles  should  be  laid  froi 
the  said  scale  with  the  stationary  distances. 

pjioR  in. 


To  take  a  turvfy  by  the  thain  wfy,  wArn  oil  Ihe  nngit 
be  tetnjrom  one  point  viihin. 

Pi.  6.  Jig.  7. 

Let  the  ground  to  be  surveyed  be  represented  hy 
1,  9,  3,  4,  A'c-  Since  all  the  angles  cannot  be  seea 
from  one  jioint,  let  tis assume 3 points,  as  ^,  B,  C, 
from  whence  they  may  be  seen  ;  at  each  o(  which 
let  a  mark  be  put,  and  the  respective  sides  of  the 
triangle  be  measnred  and  set  down  in  the  Celd- 
book  ;  let  the  distance  from  A  to  I,  and  from  B 
to  1,  be  measured,  and  these  will  determine  the 
point  1  ;  lettheother  lines  which  flow  from--/,  B^ 
Caswell  as  the  circuit  of  the  ground,  be  then 
measured  as  the  figure  directs;  and  llience  the 
map  may  be  easily  constructed. 

There  are  other  methocls  which  may  be  used;' 
as  dividing  the  ground  into  trian^IcB,  and  mea- 
suring the  3  sides  of  each ;  or  hy  measuring  the 
base  and  |ieri>endicular  of  each  triangle.  But  this 
wcshnll  speak  of  hereafter. 


I 
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PROB.   IV. 

Hoii>  to  take  any  inacccMbU  distance  by  the  chain  <mly, 

Fl.  8.  yig.  8. 

Suppose  AB  to  be  the  breadth  of  a  river,  or  any 
other  inaccessible  distance,  wliich  may  be  required. 

Let  a  staff  or  any  other  object  be  set  at  By  draw 
yourself  backward  to  any  convenient  distance  C, 
so  that  B  may  cover  A  :  from  JB,  lay  off  any  other 
distance  by  the  river's  side  to  B,  and  complete  the 
parallelogram  EHCO:  stand  at  A>,  and  cause  a 
in^«rk  to  be  set  at  /s  in  the  direction  of  A ;  measure 
the  distance  in  links  from  E  to  F,  and  FB  will  be 
also  given.  Wherefore  EF:  ED :  :  FB  :  AB. 
Since  it  is  plain  (from  part  I.  theo.  3.  sect.  4.  and 
theo.  2.  sect.  4.)  the  triangles  EFDBFA.  are  mu- 
tually equiangular. 

If  part  of  the  chain  be  drawn  from  B  to  C,  and 
the  other  part  from  B  toE  ;  and  if  the  ends  at  E 
and  C  be  kept  fast>  it  u  ill  be  easy  to  turn  the  chain 
over  to  D,  so  as  to  complete  a  parallelogram ;  by 
reckoning  off  the  same  number  of  links  you  had  in 
BCy  from  Eto  D,  and  pulling  each  part  straight. 
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X  HIS  instrument  is  compowd  of  a  brass  drcn- 
Ur  l)ox,  about  live  or  six  iiichi-s  in  diameter  ;  u  itlira 
wliich  is  a  brass  ring,  ilivideii  on  the  top  into  360 
degr'  es,  and  numbered  ID,  VO,  .30,  STc.  toSGO:  in 
the  ceutreofthe  box  is  fixed  asieel  jiin  finely  point- 
ed, culled  a  centre-pin,  on  whicb  is  placed  n  needle 
touched  by  a  loadfltoiie,  which  always  retain*  tlie 
same  situation  ;  that  is,  it  iilwnye  [>oint8  U>  the 
North  and  South  points  of  Hie  horizon  nenrhr, 
wh^n  the  instrument  is  horizontal,  and  the  needle  ^ 
at  rest.  ^M 

The  box  if)  covered  with  a  gla&s  lid,  in  a   brass^H 
rim,  to  prevent  the  needle  being  disttirbed  by  wind"^^ 
or  rsin,  ut  the  lime  of  surveying  :  ihi-re  l8alw}« 
brass  lid  or  tover,  which  is  laid  over  the  former  to 
pi-eserve  the  glass  in  carrying  the  instrument. 

This  box  ifl  Qxed  by  screws,  to  a  brass  index,  or 
ruler,  of  about  14.  or  15  inches  in  length,  to  the 
ends  whereof  are  fixed  brass  sights,  which  ar© 
screwed  to  the  index,  and  stand  perpeodiculsr 
^v  thereto:  in  each  sight  is  a  large  und  a  small  aper- 
^h  ture,  or  slit,  one  over  the  other ;  but  these  are 
^V  chiuiged.  that  is  if  the  liirgpajterture  he  iippermnst 
^^        in  the  one  sight,  it  will  be  lowest  in  the  other,  nni      ■ 
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BO  of  the  sm-'II  ones;  tlierefore  the  smali  sperturff 
in  one  is  opposite  to  the  large  one  in  the  other  ;  in 
the  tniiidle  of  which  last,  there  is  placed  a  hgrse 
hiur»  Of  &ne  silk  thread. 

The  instrument  is  th^n  filed  on  a  bal!  andaocket ; 
hy  the  help  of  which  and  a  screw,  you  can  readily 
lis  it  horizontally  in  any  given  direction;  the 
socket  being  Bxed  on  the  hiad  of  a  three-legged 
stafT,  kvhose  legs,  when  exteiidediSupport  theiostro- 
ment  niitlst  it  is  used. 


To  takfjirld  n^tuhy  the  OircMiKftmHar* 
Pt.  6.  jSj.  6. 


Let  your  instrument  be  fixed  at  nny  angle,  as  A, 
your  first  stMion  ;  and  let  a  person  slanU  al  tiie 
next  angle  B,  or  cause  a  staff,  with  a  white  sheet, 
to  be  Bct  there  perpendicularly  for  an  o!:gect  to  take 
rour  view  to :  then  havinj;  placed  your  mstruiueut 
horizontally  {which  is  easily  done  b}' turning  the 
box  so  that  the  ends  of  the  needle  may  be  efjtii- 
(liataDt  from  its  bottom,  and  it  trav(.>rscs  or  jil:i_v8 
lieely)  tarn  the  flower-de-luce,  or  north  part  of  the 
box,  to  your  eye,  and  looking  through  the  sinitJl 
xperture,  turn  the  tndexaboui,  till  you  cut  the  per- 
son or  object  in  the  next  anple  a,  with  the  hi>r8e 
lujr.or  thread  of  the  op[K>silc  sight:  the  rlcgrees  then 
cut  by  the  fioifth  end  of  the  needle,  \iill  give  the 
"DUiuber  to  be  pUceil  iu  the  »ecood  coluuiii  of  your 
teld-lxmk  iaa  line  with  station  No.  I .  and  expresses' 
Jie  number  of  degrees  the  staiioniiry  line  is  frooi 
he  north,  counting  quite  round  with  the  sun. 

I  Most  needles  are  pointed  at  the  south  end.  nnd 
lave  a  jtmall  rinc  at  the  north:  nub  ne*ilea  «re 
X 
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better lii&n  tliose  which  are  pointed  at  each  end.  be- 
cause  the  auneyor cannot  mistake  by  countingto 
«  wrong  end ;  which  error  may  be  ir^uently  aMOr 
Diitted,  in  using  a  two-pointed  needle. 

Two-pointed  rreedles  have  Bonietimes  a  ring,  but  I 
move  usually  a  cross  towards  the  north  tnd  :  and  I 
the  south  end  is  generally  bearded  towards  its  eK- 1 
treraity,  and  sometimes  not,  but  its  arm  is  a  naked  I 
right  line  from  the  cap  at  the  centre. 

Having  taken  the  degrees  or  bearing  of  thefirat  , 
stationary  line  AB,  let  the  line  be  measured,   and  | 
the  length  thereof  in  chain3  and  links  be  inserted 
in  the  third  column  oi"  your  field-book,  under  the  i 
title  of  diatances,  oiiposite  to  station  No.  1. 

It  is  cuatomary,  and  even  necessary,  to  catrae  a 
sod  to  be  dug  up  at  each  tttation.  or  place  where 
you  fix  the  instrument;  to  the  end,  that  if  any 
error  elioiild  arise  in  the  netd-book,  it  uiay  be  tlie 
more  readily  adjusted  and  con'ecied,  by  trying  ovor 
tlie  former  Uariitgs  and  stationary  distances. 

Having  done  with  your  first  station,  set  the  in- ' 
atrmnent  over  tlie  hole  or  spot  where  your  object*'^ 
Btood,  asat^,  for  your  second  station,  and  Bcnid 
bim  forward  to  the  nest  an^o  of  the  lifild,  as  at 
C  i  and  havingplaced  the  instrument  in  an  boai- 
zontaldirection,  with  the  sights,  directed  to  the  ' 
object  at  C,  and  thenorlli  of  the   box  next  ytmt 
eye,  count  your  degrees  to  the  south  end  of  the 
needle,  which  register  in  your  iitld-book,  in  the 
second  column  opposite  to  station  No.  2  j  then  ' 
measure  the  stationary  distance  ^C  which  ins^ 
iii  the  third  column,  and  thus  proceed  frrm  angle 
to  angle;  sending  your  object  before  you,  till  yoa 
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retmn  to  the  place  vrltere  yoo  began,  nnd  you 
will  hara  Ifie  field-book  complcle;  obsening  d- 
wavBlofflgniiy  :he  [wrliea  nampfl  who  tiMd  tbtc^rt- 
tiguous  la:i'lf*,  and  the  names  of  th^  tnvn-hnds, 
rivers,  roads,  swampa,  lakes,  S'<:  Ihut  bouud  ihc 
iiLnd  jou  surv^,  as  before  ;  and  this  is  the  man- 
ii«r  of  taking  IMd'UcAiB  by  what  U  called  'fcKth 
eiglita. 

Bii(  *he  j^eticMlity  of  mcnrsmcn  frctpiently  irt 
tiipmseiveg  in  di9a<iv«nlflge(Misplfir«,Bou3oflentO  * 
occasion  two  or  more  stations  to  h«  mail^.  where 
onftmiydo,  which  create*  much  irauUc  and  less 
ol'  time  ;  we  will  llierefmc  ahcw  how  Mm  may  be 
reine(',ied,  tiy  iaV.iinT  l,i(V-;ii(jhta,  thus  :  let  your 
object  '-•tand  . '  ■  i^  you  bcginyour  Sur- 

vey, »s  at  //  .  re.  proceed  It  yoot 

nwtt.  jiiigic  iV. '  r  HHtruaicnt  so,  thnl 

yna  may  hftVB  ilit  Utti^est  vitiv  pns,iit>Jt*  tnivurds  C?- 
HnvingB»t  itieinstnini^nt  in  an  lintizotilat  p^'isiiirm, 
torn  the  fiouth  pari  nf  thf  bnx  next  ynin  eye,  and 
I  havingcdt  your  nhjpct  at  A,  re<^kon  the  degreM 
I  tothe«niitfa  [joint  ol  ihe  nefd!t%  which  will  be 
,  the  Biini"  aa  it  th'r  wne  t.-jkfii  from  tite  nhject  to 
y  theinsirunK^n:  >  ,,  .-.f  the  index  l*>in^  the 

f  wrnp.     Lot  ;!■  i^orted  in   rhc   tield- 

'  book,  and  tlic  :.  ncebemcisurod  and 

[  annexed  iherelo.  in  its  i>roper  co!amn ;  and  ihns 
I  pr^Ciicd  Irom  stniinn  to  station,  leaving  your'  oI>- 
I  jec-t  in  the  last  pointyoulen,tillyon  rcturnto  (Le 
ftret  station  ^.  >  ■   .       , 

By  this  method  yoSrelaHoiw  are  Wrt'rfnt  to  the 
bat  advinla',*".  nlid  twojni'n  nwydo  the  business 
of  three,  for  firn-  '>f  th™n'  wlio  chain,  may  be  your 
object;  Utt  in  fi-rr  sights,  you  nnwth,t%'e  an  ohject 
before  you,  besides  tu^ochRinnien. 
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It  was  naid  before,  that  a  surveyor  should  have  a 
peniiD  ivilh  him  to  carry  the  hinder  end  of  the 
chain,  on  t^hnm  be  can  depend  :  this  |)erftnn  should 
be  export  and  ready  at  taking  ofT-setsss  well  as  ex- 
ac!  in  k.i'it-g  8  fai'fafiil  re'umol'tbe  leogt])  of  every 
BtflUonary  line.  One  who  his  such  a  person,  and 
who  uses  haolc  sight*,  will  be  able  to  go  over  near 
double  the  gmund  be  could  at  the  sarae  time,  by 
taking  fore-sigbts,  because  of  overseeing  the  chain- 
ing ;  for  bhould  hi;  take  back-sights,  Jie  must  he 
I  obliged,  after  taking  his  degree,  to  go  hack  to  the 
fcregoinnstation.to  oversee  the  chaining,  and  hy 
thif  means  to  wnlk  three  times  over  every  line, 
wbicb  is  a  labrur  not  bn  borne. 

Or  a  back  and  a  fore-sight  may  be  taken  at  one 
station,  ihus;  wilh 'Ic  south  oi  the  bnjt  to  your 
eye.  observe  iror.i  B  -he  object  J,  and  set  down 
tiut  ffe)jr«'  in  your  Jleld-book,  cot  by  the  south  cad 
of  Uie  needle.  Again  from  B  obacn-e  an  object 
at  (*,  with  the  north  of  the  bos  to  your  eye,  and 
set  down  the  degreecut  by  thesouth  point  of  the 
needle,  so  have  you  the  bwirings  of  the  bnes  ^B 
and  iiC  ;  you  mny  then  seL  up  your  inatrument  at 
D,  from  whence  take  a  back  aighi  to  C,  and  a  fore- 
sight to^:  thus  the  beariiigs  niay  be  taken  quite 
round,  iind  the  stationary  distances  being  annexed 
lothem,  will  complete  the  field-book. 

But  in  this  last  method,  care  must  be  taken  to 
sec  that  the  sights  have  not  the  least  cast  on  either 
side  ;  if  they  hiive,  it  will  destroy  all  :  Rnd  yet 
with  the  same  sights  you  may  take  n  survey  by 
foreaights,  or  by  back-sights  only,  with  as  great 
truth  88  if  the  sights  were  ever  so  ertcl,  provided 
the  same  cast  conlinues  wiliioui  any  alleralion  ; 
but  u)ioii  the  whole,  back  aighls  ouJy  will  be  Xoand 
the  readiest  method- 
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.  If  your  nefdle  be  pointed  at  enchend,  in, taking 
fore-sigtitJ. you  mar  turn  (lie  nnr>h  part  of  the  hnx 
to  your  eye.  and  count  yuur  d^rccs  to  tbs  snutli 
part  ol'  the  needle,  as  liefore  ;  or  you  may  lurit  (ho 

soiitJiof  file  box  to  your  t-ye,  am!  count  yotir  de- 
grees to  the  Qonh  end  of  the  needle. 

But  in  back-tigbts  you  may  ttvn  the  north  of 

the  box  to  your  '■ye.  and  count  your  dcijn-'CB  to  llu) 
north  jioinl  of  the  iitedJe ;  or  you  may  turn  tho 
■outh  of  the  box  In  your  eye,  and  count  your  de- 
grees to  the  Boulh  end  of  iho  needle. 

The  brass  ring  in  the  box  is  divided  on  th*  side 
into360dfgrees,  thus,;  from  the  unnli  to  thr  east 
into 90,  fnjin  the  north  to  the  west  ii-lo  ItO.frfini  the 
saulh  to  the  enet  into  90,  and  fmui  the  south  lo  tho 
wear  info  00  degrees  ;  .*io  the  degrees  (ire  nujubi-rcd 
from  the  north  to  the  cast  or  west,  and  from  the 
south  to  the  east  or  wtst. 

The  manner  of  using  this  part  of  the  instrument 
i8thi«;  hjniug  directed  your  sights  to  the  object, 
whether  fore  or  back,  as  befort-,  observe  the  two 
cardinal  |KHnls  of  your  cnnipa<«s,  tlie  poiot  of  the 
needle  lies  between,  (the  north,  south,  east  and  west 
being  called  the  Jour  cnrdinal  points,  and  are  grav- 
ed on  the  bottom  of  tlie  lox)  putting  df'wn  those 
poititfl,  together  by  their  inilml  lelterB,  and  tlievc- 
to  annexing  the  number  of  degrees,  counting  from 
the  north  or  south,  as  before,  thn.s  ;  if  th''  |>nint  of 
your  needle  lies  between  the  north  and  tnat,  north 
and  west,  soutli  and  east,  or  south  and  Mcst  points 
in  the  imttom  of  the  box,  then  put  down  A'A", 
/VH',  Sii,  or  S/i^,  annexiug  thereto  llie  number  "f 
degrees  cut  by  the  nec^ile  on  the  Bide  of  the 
ring,  counting  from  the  north  orsouth  as  before. 
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But  if  tlie  needle  point  exactly  to  the  norlh, 
south,  cast,  or  west,  you  are  then  to  write  down 
iV.jS,  £,or  fK  without  annexing  any  degree. 


This  is  the  m&nntr  of  taking  field  notes,  whei 
by  the  content  of  ground  raaj  be  aniversally  del 
mined   by  calculation;  and  they  are  said    to 
taken   by  the  quartered  compass,  or  by  the  foi 
nineties. 


i 


To_finiI  the  number  of  df^rtet  eontained  in  any  given  attgU. 

Set  up  your  instrument  at  the  angular  point,  nnd 
thence  direct  the  sighta  along  each  leg  of  the 
angle,  and  note  down  their  respective  beariom,  as 
beftre  ;  the  difference  of  these  bearings,  if  less 
than  180,  will  be  the  quantity  of  degrees  contaia- 
ed  in  the  given  angle  ;  but  if  more,  take  it  from 
S60,  and  the  remainder  will  be  the  degrees  contaia- 
ed  in  the  given  angle. 
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HIS  instrument  is  a  circle^  ooramonly  of 
brass,  of  ten  or  twelve  inches  in  diameter,  whcBe 
limb  is  divided  into  360  degrees,  and  those  again 
are  subdivided  into  smaller  parts,  as  the  magnitude 
of  it  will  admit ;  sometimes  by  eqnal  divisions,  and 
sometimeB  by  diagonals,  drawn  from  one  concentric 
circle  of  the  limb  to  pother. 

In  the  middle  is  fixed  a  circumferentor,  with  a 
needle ;  but  this  is  of  little  or  bo  use,  except  in 
finding  a  meridian  line,  or  the  proper  situation  of 
the  lami. 

Over  the  brass  circle  is  a  pair  of  sights,  fiXed  to 
a  moveable  index,  which  turns  on  the  centre  of  the 
instrument,  and  upon  which  the  circumferentor  box 
is  placed. 

This  instrument  will  either  give  the  angles  of  the 
field,  or  the  bearing  of  every  stationary  distance 
line,  from  the  meridian  ;  as  the  circumferentor  and 
quartered  compass  do. 


To  take  the  atiglew  of  ihejield. 
Pl.  6.  Jig.  C. 

Lay  the  ends  of  your  index  to  S60^,  and  180® ; 
turn  the  whole  about  with  the  360  from  you  .;  direct 
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the  sights  from  ^  to  G,  aud  screw  the  inationiMit 
f«gl  ;  rJiVfct  lliem  from  J,  to  cut  iha  object  (il  B  ; 
liic  firgice  Ifapii  cut  by  thnt  vnd  of  rhe  index  which 
is  nppoaale  yov,  wJI  be  the  quantity  oi  the  angle 
.  CAB,  to  place  in  y»m  fieJfl-book ;  to  whieh  itniiex 
tlitr  nieasure  of  the  liue  .48,  in  chains  and  li'iks  ; 
spt  up  yiur  insttumenl  at  B,  unscrew  it,  nnd  Jay 
thu  enrfs  of  your  index  to  S60  anJ  180 ;  turn  the 
wMe  «bout  with  the  560  Irom  pii,  or  180  next 
y'tii,  till  ycKi  cut  the  object  at  A ;  screw  the  iiiBlru- 
jpent  fust,  and  direct  your  sights  to  the  object  at  C, 
nnd  rite  d^ree  then  cut  by  that  end  of  the  index 
which  is  op]jo8ite  to  you,  will  be  the  quantity  of 
thcnngle  ABC-  Thus  proceed  from  station  to 
sifltinn,  still  laying  the  index  to  S60.  turning  it 
from  you, and  observing  the  object  at  the  foregoing 
eUtion,  screwing  the  instrument  fast,  and  obserNing 
the  object  at  the  iollowing  station,  and  counting 
Ihe  degrees  to  the  opposite  end  ol  the  index,  will 
give  you  the  quantity  of  each  respective  angle. 


I.EMMA. 


JP 


AU  'he  anffieni^  any  t^oiygon,  are  fguat  to  rtwVe 
right  angUa  a*  thrre  are  mide»  lean  b^/uur.     Thu*,  ait  thr 
gU»  A,  Bf  V,  V,  -H,  P,   G,  arc  eijual  to  tviiet  aa  many  right 
angles  at  t/iere  are  tidrt  in  tAeJSgure,  lett  bifjwtr. 

Pi.  G.fg.  6. 

Let  the  pcJ^gon  be  disposed  into  triangles,  hy 
lines  drawn  from  any  assigned  point //^witbin  it. 
as  by  the  lines  HJ,  JiB,  HC,  SCc.  It  is  evident 
then  (by  theo.  2.  sect.  *  part  1.)  that  the  three 
angles  of  each  triangle  are  equal  to  two  right ;  and 
consequently,  that  the  angles  in  all  the  triaugles 
are  tnice  as  ruany  right  ones  as  there  are  aides  ' 
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wit  a1\  the  angles  abont  the  point  H,  are  equal  to 
four  right  (by  cor.  9.  tlieo.  I .  sect.  ♦.) ;  therefore 
the  rcmwtring  angles  are  eqaal  to  twice  as  mnny 
;  ^ght  dWB  ftB  there  are  Bides  in  the  figure*  abtiUng 
four.    ^.  E.  D. 

SCttoLlUM. 

llencewoiDfty  know  if  tlie  angles  of  a  anrvcy  hv 

truly  taken  ;  lor  if  their  suu)  be  equal  to  twice  ap- 

many  right  angleB,  as  ihtre  are  stations,  abating 

four  right  angles*  you  ntuy  conciuiie  tJiat  the  angles 

I  were  truly  taken,  otherwiae  not. 

If  you  take  the  bearing  of  any  line  with  the  cir- 
cumlereator,  tliat  bearing  will  be  llie  nunilwr  of 
I  degrees  the  line  is  from  the  norlli ;  conseijuently 
Ithe  north  must  be  a  like  number  of  de^reos  from 
^the  line,  aud  thus  the  north,  tind  of  course  the 
louth,  as  well  as  the  east  and  west,  or  the  situation 
f^oC  the  laud,  isoUained. 

TV  take  the  bearing  of  fach  rfi/itciive  line  from  the  jncri- 
i  I  or  It  fierform  ihe  office  of  the  ctrcamfirmtpr,  or  yuaf. 
llntnfiaaa  bij  the  t/ie«doSte. 


Set  your  instrument  at  the  firat  station,  and  btj 
Ihe index  to36fi"and  180",  with  the  llower-ds-Iuce 
)bf  the  box  next  360  ;  unscrew  the  instrument,  and 
urn  the  »hole  about,  till  the  norrh  and  south 
points  of  the  needle  cut  the  north  and  south  iwintfl 
in  the  box;  then  screw  it  fast,  and  the  instrument 

I  is  north  itnd  south,  if  there  be  no  variation  in  the 
Beedle  ;  but  if  there  be,  and  its  quantity  known. 
Et  may  be  easily  aliowcd. 


The  circumferentor-box  may  then  be  taken  off 
Y 


fflii  TT/KODOLITE. 

.^VhfBlo  theohjectttt  thesecond  i 

/*•*,  tgj)cm«cut  by  the  opposite  end  of  th«  _ 

"'^       i/  f^  '''^  hearing  of  that  line  from  tl» 

""''*■'  "  J  ,;ie  same  ihat  the  circumfercntfll  would 


.Af  tiaving  meaaured  the  stationary  dis'ance, 
'         .-i-por  instrument  at  the  second  station  ;  tm- 
^frwit,  8fi()  set  eittier  end  of  the  index  to  the  dc- 
^e  of  (he  last  line,  and  turning  the  whole  about 
^jtb  thnt  degree  towards  you,  direct  your  eights  to 
jn  nhjecf  at  The  foregoing   station,    and  screw    the 
jnstniineiit  (;ist ;  it  will  then  be  parallel  to  its  for., 
uicr  siliintion,  and  consequently  north  and  south*;  J 
(IJrrct  I  iien  yoar  sights  to  an  object  at  the  loUowiaB 
station,  and  the  degree  cut  by  th*  opposite  end  c 
index,  will  be  the  bearing  of  that  line- 
In  like  manner  you  may    proceed  through  thdJ 
whole. 

If  the  brass  circle  be  diviilcd  into  fourninette^ 
from  3(!0  and  180,  and  the  leltera  .V,  S,  £',  /r,  I 
applit^d  to  them  ;  the  bearings  may  be  obtained  I 
putting  down  the  letters  the  far  or  opposite  endj 
the  index  lies  between,  and  annexing  thereto  tl 
degrees  from  tlie  TV.  or  if;  and  this  is  the  same  » 
the  quartered  compass. 

If  you  keep  the  compass  box  on,  to  see  the  mu- 
tual agreement  of  the  two  tnstrnmentB;  after  having 
lixed  the  theodolite  north  and  south,  as  before  ; 
turn  tlie  index  about  with  the  north  end  or  llower- 
de-lute  next  your  eye»  and  count  the  degree  to  the 
opposite,  or  south  end  of  the  index,  and  this  will 
correspond  with  the  degree  cut  by  the  south  e  od  of 
the  needle,    i  ;  t   •    i»  — 
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At  the  second,  or  next  station,  unscrew  the  in- 
strument, and  set  the  south  of  the  index  to  the  de- 
gree of  the  last  station  ;  turn  the  whole  about,  with 
the  south  of  the  index  to  you,  and  cut  the  object  at 
the  foregoing  station  ;  screw  the  instrument  fast, 
and  with  the  north  of  the  index  to  you,  cut  the 
object  at  the  next  following  station,  the  degree  then 
cut  by  the  south  of  the  index,  will  correspond  with 
the  degree  cut  by  the  south  end  of  the  needle,  and 
fio  through  the  whole. 

Some  theodolites  have  a  standing  pair  of  sights 
fixed  at  360  and  180,  besides  those  on  the  movea- 
ble index  ;  if  you  would  use  both,  look  through 
the  standing  sights,  with  the  180  next  you,  to  an 
object  at  the  loregoing  station :  screw  the  instru- 
ment fast,  and  direct  the  upper  sights  on  the  move- 
able index,  to  the  object  at  the  following  station, 
and  the  degree  cut  by  the  opposite  end  of  the  in- 
dex, will  give  you  the  quantity  of  the  angle  of  the 
Held. 

Two  pair  of  sights. can  be  of  no  use  in  finding  the 
angles  from  the  meridian ;  and  inasmuch  as  one  [yak 
18  sufTicient  to  find  the  angles  of  the  field,  the  se- 
cond can  be  of  no  use  :  besides,  they  olrstruct  the 
free  motion  of  the  moveable  index,  and  therefore 
arc  rather  an  incumbrance  than  of  any  real  use. 
Some  will  have  it,  that  they  are  usel  ul  with  the 
others,  for  setting  ofF  a  right  angle,  in  taking  an 
ofT-set :  and  surely  this  is  as  easily  performed  by 
the  one  pair  on  the  moveable  index :  thus,  if  you 
lay  the  index  to  360  and  180,  and  cut  the  object 
either  in  the  last  or  following  station,  screw  the  in- 
strument fast,  and  turn  the  index  to  90  and '2/0, 
and  then  it  will  be  at  right  angles  with  the  line.  So 
that  the  small  sights,  at  those  of  the  circle,  can  be 
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of  no  additional  use  to  the  instrument,  and  tbere-1 
fore  shoald  be  kid  .isiile  as  useless. 

Tliis  inatrument  niaj  be  used  in  windy  and  raia 
weattjcr,  as  well  as  in  niountainous  and  hilU 
erounds  ;  for  it  doee  not  require  au  iiorizonul  pd 
Sltion  to  find  the  bearing,  or  angle,  as  the  needB 
dot!* ;  and  therefore  is  preferred  to  an j  inaUumtx 
that  is  governed  bj  the  needle. 


THE  SEMIGIRCLR 


X  HIS  insf  rnment,  as  its  name  imports,  is  a  half 
circle,  divided  from  its  diameter  into  180  degir-es, 
and  from  thence  again,  that  is,  from  0,  to  SoO  de- 
grees :  it  is  generally  made  ol  brass,  and  is  Irom  S 
to  18  inches  diameter. 

On  the  centre  there  is  a  moveable  index  ivith 
sights,  on  which  is  placed  a  circumferentor-box,  as 
in  the  theodolite- 

This  instrument  may  be  used  as  the  theodolite 
in  all  respects  ;  but  with  this  dilTerence,  when  you 
are  to  fedkon  the  degree  to  that  end  of  the  index 
which  is  off  the  semicircle,  you  may  find  it  . 
the  other  end(  reckoning  the  degree  from  IC  ' 
wards. 
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xV  PLANE  TABLE  is  an  oblong  of  oak,  or 
other  wood,  about  15  inches  long,  and  1 3  broad ; 
th^y  are  generally  composed  of  3  boards,  wJiich 
are  easily  taken  asunder,  or  put  together,  for  the 
convenience  of  carnage. 

There  is  a  box  frame,  with  6  joints  in  it,  to  take 
ofT  and  put  on  as  occasion  serves ;  it  keeps  the 
table  together,  and  is  likewise  of  use  to  keep  down 
a  sheet  of  paper  which  is  put  thereon. 

The  outside  of  the  frame  is  divided  Into  inches 
and  tenths,  which  serve  for  ruling  parallels  or 
squares  on  the  paper,  or  for  shifting  it,  when  occa- 
sion serves. 

The  inside  of  the  frame  is  divided  into  SGO  de- 
grees, which,  though  unequal  on  it,  yet  are  the  de- 
grees of  a  circle  produced  from  its  centre,  or  cen- 
tre of  the  table,  where  there  is  a  small  hole. 

The  degrees  are  subdivided  -  as  small  as  their 
distance  will  admit ;  at  every  tenth  degree  are  two 
numbers,  one  the  number  of  degrees,  the  other 
its  complement  to  9G0. 

There  is  another  centre  hole  about  5  of  the 
tablets  breadth  from  one  edge,  and  is  in  the  mid- 
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die  bettt'fien  tte  two  ends.  To  this  centre  ho!e 
00  tlie  other  side  of  tbe  frame,  there  are  the  fiivi- 
aioos  of  a  semicircle,  or  180  degrees  ;  and  these 
agAtn  are  subdivided  into  halves,  or  quarlers,  as  tlie 
size  of  the  instraraent  will  admit. 

That  side  of  the  frame  on  which  the  .360  de-: 
grees  are,  supplies  tbe  place  of  a  theodolite,  the 
other,  that  of  a  aemicirclc. 

There  is  a  circuraferentor-box  of  wood,  with  # 
pajier  chart  at  the  l>ottom,  applied  to  one  side  of 
the  table  by  a  dove-tail  joint,  tustened  by  a  screw. 
This  box  (besides  its  rendering  the  plane  table  ca- 
pable of  answering  the  end  of  a  circuraferentor) 
is  very  useful  for  placing  the  instrument  in  the  same 
position  every  remove. 

There  is  a  brass  ruler  or  index,  of  about  two 
inches  broad,  with  a  sharp  or  fiducial  edge,  al  each 
end  of  which  is  a  sight  ;  on  tlie  ruler  are  scales 
of  equal  parts,  with  and  without  diagonals,  and  . 
scale  of  chords;  the  whole  is  fixed  on  a  ball  and 
socket,  and  set  on  a.  thrte-legged  staff. 


T(t  lake  the  anglei  of  afield  by  the  tablc- 

Hanng  pLnced  the  instrument  at  the  first  sfaUon, 
turn  it  about  till  the  north  end  of  the  needle  be 
over  the  meridian,  or  flower-de-luce  of  llie  box,  and 
there  screw  it  fast.  Assign  any  convenient  jmint, 
to  which  apply  the  edge  of  the  index,  a"  as  through 
thesiglila  you  may  see  the  object  in  the  last  sta- 
tion, and  by  the  ed^'e  of  the  index  front  the  [wint 
draw  aline.  Again,  turn  alxiui  the  index  with  its 
edge  to  the  same  point,  and  through  the  sights  ob- 
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serve  the  object  in  the  second  station,  andfrom  the 
point,  by  the  edge  of  the  index,  draw  another  line  ; 
so  is  the  angle  laid  down  ;  on  that  last  line  set  oX 
the  distance  to  the  second  station,  in  chains  and 
links :  applj  your  instrument  to  the  second  sta- 
tion, taking  the  angle  as  before ;  and  after  tlie  like 
manner  proceed  till  the  whole  is  finished. 

This  method  maybe  used  in  good  weather,  if 
the  needle  be  well  touched  and  play  Ireely  ;  but 
if  it  be  in  windy  weather,  or  the  needle  out  of  or- 
der, it  is  better,  after  having  taken  tlie  first  angle 
as  before,  and  having  removed  your  instrument  to 
the  second  station,  and  placed  the  needle  o  er  the 
meridian  line  as  before,  to  lay  the  index  on  the  last 
drawn  line,  and  look  backward  through  the  sights  ; 
if  you  then  see  the  object  in  <the  first  station,  the 
table  is  fixed  right,  and  the  needle  is  true  ;  if  not, 
turn  the  table  about,  the  index  lying  on  the  last 
line,  till  through  the  sights  you  see  the  object  in  the 
first  station  :  and  then  screw  it  fast,  and  keeping 
the  edge  of  the  index  to  the  second  station,  direct 
your  sights  to  the  next ;  draw  a  line  by  the  edge 
of  the  index,  and  lay  off  the  next  line ;  and  pro- 
ceed through  the  whole  without  using  the  needle, 
as  you  do  with  the  theodolite. 

If  the  sheet  of  paper  on  the  table  be  not  Irt^^o 
enough  to  contain  the  map  of  the  ground  you 
survey,  you  must  put  on  a  clean  sheet,  when  the 
other  is  full ;  and  this  is  called  shifting  of  paper, 
and  is  thus  periormed. 

Ft-  6.  Jiff.  8. 

Let  ABCD  represent  the  sheet  of  paper  on  tlie 
plane  table,  upon  which  the  plot  E,  F,  Gy  //,  I> 
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Ky  Z,  JiJ  is  to  be  drawn ;  let  the  first  station  be 
E  ;  proceed  as  l^efore  from  thence  to  Fy  and  to  G  ; 
then  proceeding  to //,  you  find  there  is  not  room 
on  your  paper  lor  the  line  6^//;  however,  draw  as 
much  of  the  line  (?//,  as  the  paper  can  Jioid,  or 
draw  it  to  the  paper's  edge.  Move  your  instru- 
ment back  to  ihc  first  station  Ey  and  proceed  the 
contrary  v»  ay  to  J/,  andtoZ;but  in  going  from 
thcnceto A, you  again  find  your  sheet  will  not 
hold  it ;  however,  draw  as  much  of  the  fine  LA'  on 
the  sheet  as  it  can  hold. 

Take  that  sheet  off  the  table,  first  observing 
the  distance  oo  of  the  hues  GH  and  LA",  by  the 
edge  of  the  table  ;  take  off  that  sheet,  and  mark 
it  with  No.  1,  to  signify  it  to  be  the  first  taken  ofi'. 
Having  then  put  on  another  sheet,  lay  that  distance 
00  on  the  contrary  end  of  the  table,  and  so  pro- 
ceed as  before,  with  the  residue  of  the  survej'., 
Iroin  0  to  //,  to  A",  and  thence  to  o  ;  so  is  your  sur- 
vey complete. 

In  the  like  manner  you  may  proceed  to  take  ofi", 
and  put  on,  as  many  sheets  as  are  convenient  ;  and 
these  may  altcrwanls  be  joijicd  together  with  mouth 
glue,  or  line  white  wafer,  very  thin. 

If  the  index  I)c  fixed  to  tlie  first  centre,  using 
tiie  oGO  side,  it  will  then  serve  as  a  theodolite, 
and  when  to  the  second  centre,  using  the  180  side, 
it  will  serve  as  a  semicircle  ;  by  either  of  which  you 
may  survey  in  rainy  weather,  when  you  cannol 
have  pajKr  on  the  table. 


( m) 


Te  UBAtVUX  AV0LE8  OF  AXTITUDU  DT   THE    ClECUMFK- 
EBNTOBi  Th£ODOUTE>  SeMICIECLE,  OR   PLANE  TaBLE. 


1.  To  take  an  angle  of  aititude^  by  the  circumferentor* 


L 


lET  the  glass  lid  be  taken  off,  and  let  the 
instrument  be  turned  on  one  side,  with  the  stem 
of  the  ball  into  the  notch  of  the  socket,  so  that  the 
circle  may  be  perpendicular  to  the  plane  of  the 
horizon ;  let  the  instrument  be  placed  m  this  si  tui- 
tion before  the  object,  sd  that  the  top  thereof  may- 
be seen  through  the  sights ;  let  a  plummet  be  sus- 
pended from  the  centre  pin,  and  the  object  l)ei ng 
then  observed,  the  complement  of  the  number  of 
degrees,  comprehended  between  the  thread  of  the 
plummet,  and  that  part  of  the  instrument  which  is 
next  your  eye,  will  give  the  angle  of  altitude  re- 
quired. 

2.  If  an  angle  of  altitude  is  to  be  taken  by  the 
theodolite,  or  semicircle,  let  a  thread  be  run  through 
a  hole  at  the  centre,  and  a  plummet  be  suspended 
by  it ;  turn  the  instrument  on  one  side,  by  the  help 
of  the  ball  and  notch  in  the  socket  for  that  purpose^ 
so  that  the  thread  may  cut  90,  having  360  degrees 
next  you ;  screw  it  fast  in  that  position,  and  through 
the  sights  cut  the  top  of  the  objects  ;  and  th^-^  de- 
gress then  cut  by  the  end  of  the  index  next  you, 
are  the  degrees  of  elevation  required.  An  angle 
of  depression  is  taken  the  contrary  way. 


i> 


OF  ANGLES  OP  ELEVATION.  SCc. 


S.  By  the  plane  table  an  angle  of  altitude  is  tir 
ken  in  the  like  manner,  by  suspending  a  plummet 
from  the  centre  thereof,  having  turned  the  table  on 
one  side,  and  fixed  the  index  to  the  centre  hy« 
screw,  so  as  to  move  freely,  let  the  thread  cut  90^ 
look  through  the  eighta  as  before,  and  you  have  the 
angle  of  elevation,  ood  on  the  contrary  tbat  of  de- 
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PROTItVCTOR. 


_  HE  protractor  U  a  semicircle  annexeij  to  h 
bckIC)  and  is  made  of  bra9«,  ivory,  or  hnrii ;  its  di- 
ameter is  generally  uboutlive  or  six  incties. 

The  semicircle  contains  three  concentric  8emi- 
circlcs  at  such  distuiioes  from  each  oIbe%  that  the 
spaces  between  them  may  contain  ligiu-es. 

The  outward  circle  is  numbered  from  the  right 
'  to  the  left  hand,  with   10,  -20,  A\  A'c.  to  ISO  de- 
grees; the  middlemost  the  same  way,  from  ISO  :o 
L  360  degrees ;  and  the  innermost  from  the  npner 
I  edge  of  the  scale  both  ways,  from  10,  fio,  30,  ac. 
to  yo  degrees. 

It  is  easy  to  conceive  that  the  protractor,  though 

f  a  Semicircle,  may  be  made  to  supply  the  place  of  a 

I  whole  drcle  ;  for  il  n  line  be  draivn,  and  the  cen* 

tre-hole  of  the  protractor  be  laid  on  any  point  la 

that  hne,  the  upper  edge  of  the  scale  corresponding 

wiih  that  line,  the  divisions  nii  the  edge  ol.  the  se- 

'  micircle  will  run  from  0  to  ISO,  from  right  tn  lelt  *. 

1  again,  if  it  be  turned  the  other  way,  or  downwards, 

keeping  Ibe  centre-bole  thereof  on  the  aforesaid 

point  iu  the  line,  then  the  divisions  will  rim  trem 
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I80to360,  and  90  completes  an  entire  circle  with  i 
the  former  eemicircle. 

The  use  of  the  protractor  is  to  lay  off  angles, 
and  to  deliueate  or  draw  a  map,  or  plan,  of  any 
gi  wild  from  the  field  notes  ;  and  is  performed  m 
the  following  manner. 


Fl.  6./S-.  9. 


ly  olt  angles. 
■  plan,  of  any 
performed  m   ^J 

e  lakrn  frim  the-  ^^| 


I 


On  your  paper  roie  lines  parillel  to  eidi  fither. 
al  an  inch  *8imder  (being  most  usual),  ot  at  any 
other  convenient  distance  ;  on  the  left  end  of  the 
parallels  put  iV.  for  north,  and  on  the  right  S.  for 
south  ;  put  E.  «t  the  top  for  east,  and  fP\  at  the 
bottom  of  your  pAptiv  fo^west. 


Then  let  the  followirig  field-book  be  that  whicii 
if  tw  be  protracted,  the  bearings  being  taken  from 
She  meridian,  whether  by  a  circumfercntor,  theodo- 
lite, or  semicircle,  aud  jneasured  with  a  two-p(^e  ] 
chain. 


N'.. 

Bearing. 

Ch.L. 

1 

'MSi 

bi.aa 

2 

3483 

19.36 

3 

317 

99.90 

/. 

068 

65,90 

5 

1S3 

lama 

6 

134. 

76,00 

7 

6.3J 

87.0« 
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Pitch  upon  any  convenient  point  on  yonr  paper 
for  your  first  station,  as  at  1  ^  on  which  lay  the  cen- 
tre-hole of  your  protractor,  with  a  protracting-pin ; 
then  if  the  degrees  be  less  than  180,  turn  the  arc 
of  your  protractor  downwards,  or  towards  the  west ; 
but  if  more  than  180,  upwards,  or  towards  the 
east 

Or  if  the  right  hand  be  made  the  north,  and 
the  left  the  south,  the  west  will  be  then  up,  and 
the  east  down. 

In  this  case,  if  the  degree  be  less  than  180,  turft 
the  arc  of  your  protractor  upwards,  or  towards 
the  west ;  and  if  more,  downwards,  or  towards  the 
cast. 

By  the  foregoing  field-book,  the  first  bearing  i$ 
'285  iy  turn  the  ai*c  of  your  protractor  upwards, 
keeping  the  pin  in  the  centre-hole,  move  the  prt^ 
tractor  so  that  the  parallel  lines  may  cut  opposite 
divisions,  either  on  the  ends  of  the  aoale,  or  on 
the  degrees,  and  then  it  is  parallel.  This  must  be 
always  first  done,  before  you  lay  off  your  degrees. 

Then  by  the  edge  of  the  semicircle,  keeping  the 
potractor  steady,  with  the  pin  prick  the  first  bear- 
ing S83  T>  and  from  the  centre  point,  through  that 
pomt  or  prick,  draw  a  blank  line  with  the  pin,  on 
which  from  a  scale  of  equal  parts,  or  from  the 
scale's  edge  of  the  protractor,  lay  off  the  distance 
55(7.  20Z.  so  is  that  station  protracted. 

At  the  end  of  the  first  station,  or  at  2,  which 
is  the  beginning  of  the  second,  with  the  pin  place 
the  centre  of  the  protractor,  turning  the  arc  up> 
because  the  bearing  of  the  second  station  is  morr 
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than  180,  v'Z.  .348  J-  Place  your  protractor  pa- 
rallel as  before,  and  by  the  edge  of  the  aemigrcle* 
with  the  pin  prick  at  that  degree,  through  which 
and  the  end  of  the  foregoing  slation,  draw  a  blank 
Jiae,  andon  it  set  the  distance  of  that  station. 

In  the  like  manner  proceed  through  the  whole, 
only  observe  to  turn  the  arc  of  your  protractor 
(lowQ)  when  the  degrees  sre  less  than  ISO. 

If  you  lay  ofT  the  stationary  distances  by  the 
edge  of  the  protractor,  it  is  necessary  to  ob8er\'e. 
that  if  your  map  is  to  be  laid  down  by  a  scale  of 
4o  ])erche8  to  an  inch,  every  division  on  the  pro- 
tractor's edge  will  be  one  two-pole  chain ;  i  «. 
ilivision  will  be  05  links,  and  i  of  u  dtvisiun  will 
be  1?J  links. 

If  your  map  is  to  be  laid  down  by  a  scale  of  30 
{lerches  to  an  inch,  two  divisions  will  be  one  two- 

Sale  chain  ;  one   division  will  be  ^  links ;  i  a 
ivisinn  l'2i  links,  and  i  of  a  division  will    be 
C'i  links. 

I  In  general,  if  35  links  be  multiplied  by  the  num- 
ber of  perches  to  an  inch,  the  map  is  to  be  laid 
down  by,  and  the  product  be  divided  by  20  (or 
which  is  tliesame  thing,  iiyou  cut  oil' one  and  take 
the  half),  you  will  have  the  value  of  one  division  on 
the  protractor's  edge,  in  hnksand  parts. 

Examples, 

_■  I.  How  many  links  in  a  division,  if  A  map  be 
Uiil  dowa  hy  «  acale  of  8  perches  to  an  inch  ? 
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05 
8 


2|0)90|0 


10  links.  Answer. 


2.  How  many  links  in  a  division,  if  a  map  be 
laid  down  by  a  scale  of  10  perches  to  an  inch  ? 

g5 
10 


e|o)^|o 


1^.5  or  121  links.  Answer; 


And  so  of  any  other. 

Tofirotract  a/ieid-booky  taken  by  the  angU9^  the  JUld* 

Note.    We  here  suppose  the  land  surveyed  is 
kept  on  the  right  hand  as  you  survey. 

Draw  a  blank  line  with  a  ruler  of  a  length  greater 
than  the  diameter  of  the  protractor  f  pitch  upon 
any  convenient  point  therein,  to  which  apply  the 
centre-hole  of  your  protractor  with  your  pin,  tam- 
ing the  arc  upwards  if  the  angle  be  less  than  180t, 
and  downifards  if  more ;  and  observe  to  keep  the 
upper  edge  of  the  scale»  or  180  and  0  degrees  upon 
the  line  :  then  prick  off  the  number  of  degrees  con- 
tained in  the  given  angle,  and  draw  a  line  from  the 
first  point  through  tl^  point  at  the  degrees ;  upon 
which  lay  the  stationary  distance.  Let  this  I'me  be 
lengthened  torwards  and  backwards,  keeping  your 
&st  station  to  the  right,  afld  second  to  the  left ; 


n& 
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eof  \ 


r  protractf 


■  over  the  s 


and  lay  the  centre  o 
cond  station, 
warjs,  if  the  angle  be  less  ihnn  180,  and  downi* 
wards,  if  more;  and  keeping  the  180  and  0  degrees 
on  the  line,  prick  off  the  number  of  degrees 
contained  in  the  given  angle,  and  throrfgh  that 
point  and  the  last  station  draw  a  line,  on  which 
lay  tile  slationary  distance  :  and  io  like  manner 
proceed  through  the  whole. 

In  all  protractions,  if  the  end  of  the  last  atatiOB 
falls  exactly  in  the  point  you  began  at,  the  field- 
work  and  protraction  are  truly  taken,  and  perform- 
ed ;  if  not,  an  error  must  have  been  committed  ia 
one  of  thera :  in  such  case  make  a  second  pro- 
traction ;  if  this  agrees  with  the  former,  and  neither 
meet  nor  close,  the  fault  is  in  the  field-work,  and 
not  in  the  protraction  ;  and  then  jvre-survejr  must 
be  taken.  _ 


i 


REMARKS. 

The  accuracy  of  geometrical  and  trigonometrical 
mensuration,  depends  in  a  great  degree  on  the  ex- 
actness and  pertection  of  the  instruments  made 
use  of;  if  ihese  are  defective  in  cnn8truction,  or 
difficult  in  use,  thesur\-eyor  will  either  be  subject 
to  error,  or  embarrassed  with  continual  obstaclea. 
If  the  adjustments,  by  which  they  are  to  be  ren- 
dered fit  for  obaer^'ation,  be  troublesome  and  incon- 
venient, they  will  be  taken  upon  trust,  and  the  in- 
strument will  be  used  without  examination,  and 
thus  subject  the  surveyor  to  errors,  that  he  can  nei- 
ther account  for,  nor  correct. 

In  the  present  state  of  science,  it  may  be  laid 
down  as  a  maxim,  that  every  instrument  should  be 


mk 


J 


LIST  O^  INSTRUMENTS.  177 

so  contrived,  that  the  observer  may  easily  examine 
and  rectity  the  principal  parts ;  for  however  care- 
ful the  instrument-maker  may  be,  however  perfect 
the  execution  thereof,  it  is  not  possible  that  any 
instrument  should  long  remain  accurately  fixed 
in  the  position  in  vihich  it  came  out  of  the  maker*s 
band,  and  therefore  the  principal  parts  should  be 
moveable,  to  be  rectified  occasionally  by  the  ob- 
server. 

AN  JENUMERATION   OF     INSTItUMENTS    USEFUL   TO 

A   SURVEYOR; 

Fewer  or  more  of  which  will  be  wanted,  accord- 
ing to  the  extent  of  his  work,  and  the  accuracy 
required. 

A  case  of  good  pocket  instruments. 

A  pair  of  beam  compasses. 

A  set  of  feather-edged  plotting  scales. 

Three  or  four  parallel  rules. 

A  pair  of  proportional  compasses. 

A  pair  of  triangular  ditto. 

A  pantagraph. 

A  cross  siafT. 

A  circumferentor. 

An  Hadley's  sextant. 

An  artificial  horizon. 

A  'heodolite. 

A  surveying  compass. 

Measuri  ng  chains,  and  measaring  tapes. 

King*s  surveying  quadrant. 

A  perambulator,  or  measuring  wheel. 

A  spirit  level  with  teiesco|)e.  ^ 

Station  staves>  used  with  the  levrl. 

A  protractor,  with  or  without  a  nonias. 

To  be  added  for  county  and  marine  surveying  ; 

All  astronomical  quadrant,  ordrcular  instrument. 

A  a 
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A  good  refracting  and  reflecting  telescope. 
A  cop3'irg  glass. 

J'or  marine  lurvcyiitg  t 

A  station  pointer. 
All  azliiiuihcompau. 
One  or  two  boat  compasses. 

Besides  tliese,  a  number  of  measuring  rO( 
pins,  or  arrows,  &c.  will  be  foimd  very  convenieitlt 
and  two  or  three  ofTset  staves,  wllich  are  straight 
pieces  of  wood,  six  feet  seven  inches  long,  and 
about  an  inch  and  a  quarter  square  ;  they  should 
be  accurately  divided  into  ten  equal  parts,  each  oC 
which  will  be  equal  to  one  link.  These  are  us( 
for  measuring  ofTsets,  and  to  esamine  and  adji 
the  chain. 


Five  or  six  staves  of  about  five  feet  in  length,  and 
one  inch  and  an  half  in  diameter,  the  upper  part 
painted  white,  the  lower  end  shod  with  iron,  to  be 
struck  into  the  ground  as  marks. 

Twenty  or  more  iron  arrows,  ten  of  which  are 
always  wanted  to  use  with  the  chain,  to  count  the 
number  of  links,  and  preserve  the  direction  of  the 
chain,  so  that  the  distance  measured  may  he  really 
in  a  straight  line. 

The  pocket  naeasuring  tapes,  in  leather  boses,  are 
often  very  convenient  and  useful.  They  are  made 
to  the  tlifferent  lengths  of  one,  two,  three,  four 
poles,  or  sixty-six  feet  and  100  feel;  divided,  on 
one  side  into'  feet  and  inches,  and  on  the  other 
mto  links  of  the  chain-  Instead  of  the  latter,  arc 
sometimes  placed  the  centesimals  of  a  yard,  or  three 
feet  into  100  equal  parts. 


Hot      - 
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SECTION   II. 

MENSURATION 

OV   HBIOBT8     AND   BiaTANCBS. 

1st.  Of  Heights. 

Pl.  S.\fig.  18. 

HE  instrument  of  least  expence  for  taking 
heights,  is  a  quadrant*  divided  into  ninety  equal 
parts  or  degrees  ;  and  those  may  be  subdivided 
into  halves,  quarters,  or  eighths,  according  to  the 
radius,  orsizeof  the  instrument:  its  construction 
will  be  evident  by  the  scheme  thereof. 

From  the  centre  of  the  quadrant  let  a  plummet 
be  suspended  by  a  horse  hair  :  or  a  fine  silk  thread 
of  such  a  length  tkaft  it  may  vibrate  freely,  near 
the  edge  of  its  arc :  by  looking  along  the  edge 
AC^  to  the  top  of  the  otgeet  whose  height  is  re- 
quired ;  and  holding  it  perpendicular,  so  that  the 
plummet  may  neither  swifig  from  it^  nor  lie  on  it ; 
the  degree  ttien  cut  by  the  hair^  or  thread,  will  be 
the  angle  of  altitude  required. 

If  the  quadrant  be  fixed  upon  a  ball  and  socket 
^n  the  three-legged  stafl^  and  if  the  stem  trom  the 
ball  .be  turned  into  the  notch  of  the  socket,  so  as 
to  bring  the  instrument  into  a  perpendieoUu*  posi- 
tion, the  angle  of  altitude  by  this  meatus  can  be 
inquired  with  much  greater  certainty. 

An  angle  of  altitude  may  be  also  ttJcen  by  anjr 
of  thtt  insCraments  used  in  surveying ;  as  has  beea 
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pa'  ticalarly  shown  in  treating  of  their  description 
and  uses. 

Most  quadrants  have  a  pair  of  sigfits  fixed  on 
the  edge  AC^  with  small  circular  holes  in  them  ; 
which  are  useful  n  taking  the  sun's  altitude,  requi- 
site to  be  known  in  many  astronomical  capes  ;  this 
•  is  off:»cted  by  letting  the  sun's  ray,  which  passes 
through  the  upper  sight,  fall  upon  the  hole  in  the 
lower  one;  and  the  degree  then  cut  by  the  thread, 
will  be  the  angle  of  the  sun's  altitude ;  hut  those 
sights  are  useless  for  our  present  pur|)ose,  for  look- 
in;'  along  the  quadrant's  edge  to  the  top  of  the  olh 
jcct  will  be  sutiicient,  as  before. 


PROB.  I 

Pl.  S.fg.  19. 

To  find  the  height  of  a  fierfiendicular  object  at  one  stafion^ 

which  is  on  an  horizontal /ilane. 

A  steeple. 

{The  angle  of  altitude,  53  degrees. 
Distance  from  the  observer  to  the  foot 
of  the  steeple,  or  the  base,  85  feet. 
Height  of  the  instrument,  or  of  the  ob- 
server, 5  feet. 

Required,  the  height  of  the  steeple. 

Tl^e  figure  is  constructed  and  wrought,  in  all 
respects,  as  case  ^. of  right-angled  tn'gonomelry  ; 
only  there  must  be  a  line  diawn  parallel  to,  and 
beneath  AB  of  5  d  et  for  the  observer's  h<  Jght,  to 
represent  the  plane  upon  which  the  object  stands ; 
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to  which  the  perpendicuUr  must  be  continued,  and 

that  will  be  the  height  of  the  object. 


Thus,  AB  8  the  base,  A  the  angle  of  altitude* 
JBC  the  height  of  the  steeple  from  the  instrument^ 
or  from  the  observer'K  eye,  if  he  were  at  the  foot 
of  it;  jDCthe  height  of  the steejde above  the  lu> 
rizontal  surlace. 


Various  statings  for  BC,  as  in  case  3.  of  right  an- 
gled plaa^  trigonometry. 


90^ 


L  5.  C;  AB::  S.AiBC. 
37^      85        5*»     112.8. 

i2.  R.:AB::T.A  :  BC. 
90^  85        53^     112.8. 

3.  T.  C :  AB  : :  R. :  BC. 
37°      85      90«    113.8. 


To  BC  1 13. 8 

Ada  DB  5.  the  height  of  the  obaerver. 


Their  sum  is  117.  8  or  118f(Bet,  the  height  of 
the  steej^e  required. 


OF  HEIGHTS. 
PROS.  IT. 

Pi.  S./f.  20. 

the  height  qf  a  firrfifitdiciilar  abjeeC,  on 

6y  tttving  the  length  fifthe  tbadowghtn 

Provide  a  rod,  or  stalT,  whose  length  is  given,  let 

that  beset  |)erpendiciilar,  by  the  help  of  a  quadrant> 
thus  ;  apply  the  side  ol"  the  quadrant  ^C,  to  the 
rod,  or  staff;  and  when  the  thread  cuts  90*.  it  is 
then  perpendicular ;  the  same  may  be  done  bj  a 
carpenter's  or  mason's  ptumb. 

Having  thus  set  the  rod  or  staft'  perpendicular; 
measure  the  length  of  its   shadow,   when  the  sun 
shines,  as  well  as  the  length  of  the  shitdow  of  the  . 
object,  whose  height  is   required;  and  yon  have 
the  proper  requisites  gii'en.     Thus, 

ab,  the  length  of  tlteshadov  of  tbe  italC  15  feet,  ■ 

be,  the  length  of  the  staff*  10  feet. 

AB,  the  length  of  tbe  shadow  of  the  steeple,  or 
object,  i3d  feet. 

Required  BC,  tbe  heigbt  ol  tbe  object 

The  triangles  abc,  ABC,  are  similar,  thus ; 
the  angle  b=B,  being  both  right  ;  the  fines  oc, 
AC  are  parallel,  beijig  rays,  or  a  ray  of  the  sun  ; 
whonoe  to*  aogle  a=x^  (by  part  3.  theo.  ^  sect. 
4.)aod  consequently  c=  C  The  triangles  being 
ther^nnmDtually  equiaugutar*  ore  i^iQtl:UE(hy  tfaeo. 
16.  sect  4.)  it  will  be* 
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ab  :  be  :  :JB:  BC. 

15  10  1^  90.  the  steeple's  height,  required. 

The  foregcHng  method  is  most  to  be  depended 
en ;  however,  this  is  mentioned  for  variety's  sake. 


PHOB.  TIL 

Pl.  5,  Jig.  21. 

To  take  the  altitude  of  a  fierfiendicular  o^ectj  at  the  foot  of  a 

hillj  from  the  hil^a  side. 

Turn  the  centre  A  of  the  quadrant,  next  your 
eye,  and  look  along  the  side  J  C,  or  90  side,  to  the 
top  and  bottom  of  the  object ;  and  nothing  down 
the  angles,  measure  the  d^tanoe  from  the  place  of 
observation  to  the  foot  of  the  object.     Thus> 

(  Angle  to  the  foot  of  the  object,  55^  i 
J     or  55^.  15^ 
Given,  <  Angle  to  the  top  ofit,  31^4  or  SI  M5/ 
(  Distance  to  the  foot  erf  it,  250  feet. 

Required,  the  height  of  the  object. 


JStf  Construction. 

Draw  an  indefinite  blank  line  ADy  at  any  point 
in  which  ./f  make  the  angles  £l/fiB  of  55"^.  l5/,and 
EACoi  31^.  15' ;  lay  250  from  AtoB;  from  By 
draw  the  perpendicular  BE  {hj  prob.  7  of  geome- 
try) crosmng  AC  in  C  ;  so  will  BC  be  the  height 
•f  the  object  required. 

In  the  triangle  ABC  there  is  given. 
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JBE  the  complement  of  EAB  to  90S  which  is 
34^45'. 

CAB  the  difference  of  the  given  angle  24^.  00/ . 

The  side  AB,  350.     Required,  BC. 

This  is  performed  as  case  2«  of  oblique  angular 
trigonometry.    Thus> 

180— the  sum  of  ABEH"^.  4o^and  CAB2i^. 
OCy  =ACB  1210.  15^ .    Then, 

5.  ACB  :  AB  :  :  S.  CAB  :  BC. 
121<>.  15/250  24*^.  00^   119,    the    height  re- 
quired. 

PBOB.  IK 

Pl.  5.  Jig.  23. 

To  take  the  altitude  of  a  fierpendictUar  object ^  on  the  tofi  of 
a  hill,  at  one  station  ;  v>hen  the  top,  and  bottom  of  it  can  be 
9eenfrom  the  foot  of  the  hill. 

As  in  prob.  1.  take  an  angle  to  the  top,  and 
another  to  the  bottom  of  the  object ;  and  me'  sure 
from  the  place  of  observation  to  the  foot  of  the 
object,  and  you  have  all  the  given  requisites.  Thus, 

• 

ATojveronahill. 


i  Angle  to  the  bottom,  48^.  30/. 
Given,  }  xAngle  to  the  top,  67^.  00/ . 

(  Dist.  to  the  foot  of  the  object,  136  feet. 
Required,  the  height  of  the  object. 
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By  Construction. 

Make  the  angle  DAB^iS  30  ^  and  lay  136 
feet  from  A  t^^  B  ;  from  -B,  let  fall  the  perpendicu- 
lar B9yand  that  will  be  the  height  of  the  hill : 
produce ^D  upwards  by  a  blank  line  :  again,  at  Ay 
make  the  angle  DAC=:G7'*  QO^  by  a  blank  line, 
aiid  from  C  where  that  crosses  the  perpendicular 
produced,  draw  the  line  CBy  and  that  will  be  the 
height  of  the  object  required. 

Let  AC  he  drawn; 

In  the  triangle  ABCy  there  is  given. 

The  angle  ACD  the  complement  of  DAC= 

23''.  00  K 

CAB  the  difTerence  between  the  two  given  an* 
gles=  18^30/. 

And  the  side  AB  136.    To  find  BC. 

SC::  AB:  :  S.CAB:  BC. 
23^        136        18^.30/  llul. 

KBD  were  wanted,  it  is  easily  obtained,  by  the 
jfrst  case  of  right  aiigled  plane  trigonometry. 


PROB.    V. 

Pl.  5.  Jig.  23. 

To  take  an  inaccessible  fierfiendicular  altitude^  on  d  korizontul 

plane. 

This  is  done  at  two  stations,  thus : 

Bb 


^4 
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Let  DC  he  a  tower  which  cannot  be  approached 
by  means  of  a  moat  or  ditch,  nearer  than  B  ;  at 
^,  takeaD  angle  of  altitude,  to  C :  measure  any 
convenient  distance  backwai'd  to  j1,  which  note 
down  ;  al  J,  take  another  angle  to  C;  Bo  tavet 
you  the  given  requisites,  thus  : 

(  First  angle,  55".  00". 
Given,  <  Stnlionary  <1istance,  87  feet 
I  Second  angle,  37«.  00'. 

The  height  of  the  tower  CD,  is  required. 

Bif  Constntction. 

Upon  an  indefinite  blank  line,  lay  off  the  sta- 
tionary distance  87.  from  Aio  B  ;  from  B,  set  off 
your  first ;  and  from  .4,  your  second  angle  ;  from 
C  the  point  of  intersection  of  the  lines  which 
form  these  angles,  let  fail  the  perpendicular  CD; 
andthat  will  be  the  height  of  the  object  reqoirccL 

The  externa!  angle  CB/>,  of  the  triangle  ^flC; 
13  equal  tothe  two  internal  op[jo8ite  ones,  A,  and 
ACB  {hy  theo.  4.  sect.  4.) :  wherefore  if  one  of 
tiie  internal  opposite  angles  be  taken  from  the  ex- 
ternal angle,  the  remainder  will  be  the  other  in- 
ternal oj^osite  one,  thus  ;  J 

CBD  550— A  3n°=ACB  IS^.  1 

Therefore  in  the  triangle  ABC ;  we  have  the 
angles  A,  and  AGB,  with  the  side  AB  given  to 
find^C. 

5.  ACB :  AB  :  :  S.  A  :  BC. 
I8»        87  S7«         169-4 


I 
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Hkvingfoand  fiC»  we  hiave  in  the  triande  BCD 
tile  angle  CBD  55^  conseqdently  JSCD  35%  and 
BCmA;tonBdD€. 

This  18  performed  by  the  firgt  case  of  right  an- 
f^  trigononietr7»  three  sei^eral  wAya ;  thus : 

!.  R:BC::  S.CBD:  DC. 

90^169.4        55^    138.8. 
The  height  reqavect 

a  SecCfiD  :  BC  : :  T.  CBD:  DC. 
55«     169.4        65^     138.8. 
The  height  reqtured. 

5.  Sec.  BCD:BC::  R:CD. 

35''     1694  9QI^  i3a& 
The  height  reqnired 

If  BDj  the  breadth  of  the  moat,  were  reqini^ 
ed ;  it  may  also  be  found*  by  three  different  stat- 
ingSy  as  in  the  first  case  of  right  angted  plane  trig- 
onoiMtry. 

pitoB.  n. 

Pl.  S.fg.U. 

Let  BCf  a  may-pole,  whose  height  is  100  feet,  be 
broken  at  D ;  the  upper  part  of  which,  Z)6',  falls 
upon  an  horizontal  plane,  so  that  its  extremity,  C« 
is  34  feet  from  the  bottom  or  foot  of  the  {KAe. 

Required,  the  segments  BD  and  DC 

By  ConstrSktim. 

Lay34Ceetfrom«/f  toi?;  on  B  erect  the  per- 
pendicular £Cof  100 feet;  and^caw  JC;  bisect 
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AC  (by  prbb.  4  geom.)  with' the  perpendicular 
line,  EF;  and  from  A  where  it  cuts  the  perpendi- 
cular BCy  draw  ADy  which  will  be  the  U|^r  seg- 
ment ;  and  DB  will  be  the  lower. 

By  cor.  to  lemma,   preceding  tbeo.  7.  geom. 
AD'=DC;  and  (by  tbe  lemma)  the  angle  C^AD. 


In  tbe  triangle  ABC,  find  Cas  in  case  %t  of  right 
angled  trigonometry,  thus ; 


1.  BC:  R  : :  AB :  T.  C=GAD, 
100  <K)o    34    18«    47'' 

By  theo.  4.  geom.  The  external  angle  ABD= 
37^  34'  or  to  twice  the  angle  (7,  i.  e.  toC  and 
GAD. 

Then  in  the  triangle  ABB,  there  is  ABD  37« 
34'  therefore  also  its  complement  2)y^^  52*  26' 
and  AB  Si,  given,  to  find  AD  and  BD. 


By  the  second  case  of  right-angled   trigonq- 
metry. 

2.  S.  ADB :  AB : :  R :  AD  or  DC. 
37*'  34^     34      90®      55.77. 

BC—DC=BJ). 

100—55.77=44.23  required. 

These  may  be  had  from  other  statings^  as  in  the 
second  case  aforesaid. 


fc 

*» 
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PROB.  VII. 

Pl.  5.  Jig.  25. 

To  take  the  altitude  of  a  fierfiendicalar  object  on  a  hiU%  fiont 

a  filane  beneath  if. 

This  is  done  at  two  stations,  thus ; 

Let  the  height  DC^  of  a  wind-mill  on  a  hill  be 
required. 

From  any  part  of  the  plane  whence  the  foot  of 
the  object  can  be  seen,  let  angles  be  taken  to  the 
foot  and  top  ;  measure  thence  any  convenient  dis- 
tance towards  the  object,  and  at  ttie  end  thereof^ 
take  another  angle  to  the  top :  and  you  have  the 
proper  requisites,  thus ; 

First  station.  Angle  to  the  foot  DjiBQl^  00^ 

Angle  to  the  top  CAB  35""  00'. 
Stationary  distance  AB  104  feet 

Second  station.  Angle  to  the  top  48^  30. 

DC  required. 

By  Coiistructian. 

On  an  indefinite  blank  line,  lay  the  stationary 
distance  AB  104  feet ;  from  Ay  set  off  the  second, 
and  from  By  the  third  given  angle ;  and  from  the 
intersecting  point  C  of  th«  line  foraMri  by  them, 
let  fall  the  perpendicular  CE  ;  from  A  set  off  the 
first  angle,  and  the  line  formed  by  it  will  determine 
the  point  2).  Thus  have  we  the  height  of  the  hilU 
as  well  as  that  of  the  wind-milt. 
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The  angle  CBE—A=ACB.  aa  in  the  last  proK 

In  the  triangle  ABC,  lind  AC  ihus ; 

SACS  :  AB  : :  S.  ACB  (or  sup.  of  C'BE)  :  AC 
13^.30':  104::  l3l".30''  r  S33.6 

The  angle  CAE—DAE=CAD. 

The  angle  A  CD=AED  x  EAD,  by  tbeo.  4. 

In  the  triangle  CAD,  find  CD  thus, 

S.ADC:  AC:  :  S.  CAD  :  DC 

Iir.  :3,S3.6:  :         U    :  86.46reqm«d. 

CK,  BE,  or  DE,  may  be  found  by  other  varioaj 
statings,  as  set  Tnrth  in  the  lirat  and  second  caseb 
of  right  angled  trigonometiy. 


PROB.  Via 

Pl.  5.  Jig.  26. 


Tojind  ihe  Imglh  of  an  otjeci,  that  atand*  obUguety  on 
lofi  nf  a  hiU,  from  a  fiiane  ienealh. 

Let  CD  be  a  tree  whose  length  is  required. 

This  is  done  at  two  stations. 

^fake  a  station  at  B,  from  *vhence  take  an  angle 
to  the  loot,  and  another  to  the  to},  ol  the  tree  ; 
measure  any  convenient  distance  biickward  to  A, 
from  whence  also  lei  an  angle  be  taken  to  the  (not, 
and  auothertothe  top;audyoubave  therequisitev 
given.    Thus, 
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First  station.    Angle  to  the  foot  EB  Pcss  36».  SO/ . 

Angle  to  the  top  E£C=»4tV>.  3(K. 
Stationary  distance  AB  =  104  feet. 

Second  station.  Angle  to  the  foot  EJ  0=€I4°.  SO', 

Angle  to  the  top  EAC=33^.  00  '. 

Let  DC  ojfid  D.E  he  required. 

The  geomdiricaT  constructions  of  this  and  th^ 
next  problem  are  omitted ;  as  what  has  been  al- 
ready sard,  and  th$  figures  are  looked  upon  as  suffi- 
cient helps. 

EBC—4=4CBj  or  44^  ao'—  S^.=l<aP,3fy . 
as  before. 

In  the  triangle  ABCy  faiA  B^.    Thus, 

1.  S.  JOB  :  AB :  :  S.  A  :  BC. 
12«  80^  104    339  254.7. 

EBI>-EAD=JDB,oT3e'*.9(y-U^.30'=W*  00? 

In  the  triangle  JDB,  find  DB,  thus  ; 

2.  S.  ADB :  AB :  :  S.  DAB  :  D3, 
12® 00'     104    24«  30'.  207.4. 

CBE—DBE^  CBDyOT  44®.  SO"—  36".  30'«=8*00' 

m 

In  the  triangle  CBD  there  is  given,  CB  254.7, 
pB  207.4,  and  the  angle  CBD  8®  00/;  to  find  DC 

This  is  performed  as  ease  S.  of  oiUique  airglecjL 
trigojiometiyr  thus  ^ 


# 


■:ii 


4.  if  Bch :  Bji^-'i^i  cr«D  .•  Da 

■„■    a^»^' 907.4    Sf.OO*     57.15  length  of 


.  *;  f 


•  • 


:r  )^.''«><>  lfli.4~lttiglit  o^  ti» 


♦^'     Pill9S.  j^ 


^  ■ 


ToJInd  the  height  qfim  in^ceeMle  object  CDf  m  a  hUiJBC, 
from  ground  that  i «  not  horizontal. 

From  anj  two  points*  as  G  and  A,  whose  dis- 
tance GAj  IS  measured,  and  therefore  given ;  let  the 
angles EGJD.B J D^BJC,  and  EJG,  betaken; 
because  Cr^is  parallel  to  EA  (by  part  2.  theo.  3. 
geom.)  the  angle  HGAz^EAG  ;  therefore  EAG 
XHGD^AQD  :  and  (by  cor.  1.  theo.  1.  geomu)  i*^- 
180_the  SOB  of  EAG  and  BAD=^GAD;  and, 
Xby  cor.  I.  Uieo.  5.  geom.)  180 — the  sum  of  the  an- 
gles AGD  and  GAD^GDA :  thus  we  have  the 
angles  of  the  triangle  AGDy  and  the  side  Atr 
given ;  thence  (by  case  2.  of  obi.  ang.  trig.)  JD 
may  be  easily  found.  The  angle  DAB — CAB^ 
DAC,  and  m^'—BAD^ADC;  and  180^— the 
aum  of  DAC  and  ADC=^ACD  :  so  have  we  the 
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several  angles  of  the  triangle  ACD  given,  and  the 
side  AD ;  whence  (hy  case  2.  of  obi.  trig  J  CD 
may  be  easily  found.  We  may  also  find  ACy  which 
-with  the  angle  BACy  will  give  CB  the  height  of  the 
hiU. 

The  solutions  of  the  several  problems  in  heights 
and  distances,  by  Gunter's  scale,  are  omitted  ;  be- 
cause every  particular  stating  has  been  already 
shewn  by  it,  in  trigonometry. 


Co 


s 


(IW) 


2d.  OF  DISTANCES. 


T 


HE  princrpal  instnunents  nsed  in  surveying, 
will  give  the  angles  or  bearings  of  lines;  which  has 
be«n  particularly  shewn^  w^n  we  treated  of  them. 

PROB.  I. 

Pl.  6.  Jig,  2. 

Let  A  and  B  be  two  houses  on  one  side  of  a 
river,  whose  distance  asunder  is  293  perches :  there 
is  a  tower  at  C  on  the  other  side  of  the  river,  that 
makes  an  angle  at  A^  with  the  Une  AB  of  bSP  QO^ ; 
and  another  at  B,  with  the  line  BA  of  66^  20'; 
required  the  distance  of  the  tower  from  each  house> 
inz.  AC  and  BC, 

This  is  performed  as  case  2.  of  oblique  angled 
trigonometr} ,  thus ;. 

\,S.C:  AB:  :  S.  A :  BC. 
60^  20'  293    dS""  20'  270.5.       - 

2.S.C:  AB  :  :  S.  B  :  AC. 
60^20'  293  66^20'  S08.8. 

PROB.  IL 

pl,  e./s".  11. 

Let  B  and  (7,  be  two  houses  whose  direct  dis- 
tance asunder, j5C', is  inaccessible:  however   it  is 
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known  that  a  house  at  J  is  253  perches  from 
By  and  230  fr^m  C;  and  that  the  angle  BJC, 
is  found  to  be  70^.  What  is  the  distance  BC\  be- 
tween the  two  houses  i 

This  is  performed  as  case  3.  of  oblique  angled 
trigonometry,  thus ; 

1.  JB+JC:  JB—AC  :  :    T.  of  ^  C  +  B  ; 

482  JW  55^  00' 

T.  of  i  C—B 

16=  B. 

2.  S.C:AB:  :  S.A  :  BC. 

58^.44'    252    70^  277, 


PROB.  III. 

Pl.  6.  Jig.  3. 

Suppose  ABC  a  triangular  piece  ''of  ground, 
which  by  an  old  >iurvey  we  find  to  be  thus; 
ABQSOyAC  160,  BC  150  perches,  the  mearing 
lines  AC  and  BC,  are  destroyed  or  [Jowed  down, 
and  the  line  ABy  only  remaining.  What  angles 
must  be  set  oflfat  A  and  By  to  run  new  mearings  by 
^exactly  where  the  old  ones  were  ? 

This  is  performed  as  in  case  4.  of  oblique  an- 
gled trigonometry,  thus ; 

1.  AB  :  AC^BC  .•  ;  AC^BC  :  Al>- 
260  310  10  11.99 
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130+5.96=  135.96=^D. 
130—5.96=  124.04=2>A 

t 

2.  JD  :  M: :  ACSecA. 
136  90* ::  160    31«>.  47'. 

3.  BC:S.A::  AC  :S.B. 
150  310. 47'  160  34*».  10. 

■ 

PROB.  IV. 

Pl.  S.Jig.  4. 

Let  D  and  C,  be  two  trees  in  a  bog,  to  which 
yoii  can  have  no  nearer  access  than  at  A  and  B  ; 
there  is  given, />^-e  100«,  CAB  36o.  30',  OBA 
l<il'.  DBA  IQ",  and  the  line  ^5  113  perches. 
Keqliired,  the  distances  of  the  trees  X)C. 

180"— the^fumof  DBA  and  DAB=ADB=31^. 

i80«— the  sumol  CAB  and  CBJ=ACB='3Q.  SO, 

In  the  triangle  ABD,  find  DB,  thus  ; 

1.  S.  ADB  :  AB  : :  S  DAB  •  DB. 

31"       11.3;:  100**     216. 

And  in  the  triangle  ABC,  find  BC,  thus  ; 

2.  S.  ACB  :  AB  :  :  S:  CAB  :  BC 
S2O30'     lis    36"  30'     175.6. 

In  the  triangle  DBC,  you  have  DBC=ABC— 
ABD^noP ;  likewise  the  sides  BD,  BC,  as  before 
found,  given  to  find  DC. 

3.  BD+BC:  BD—  BC : :  T.  oUDCB+CDB  a 
391.6        40.4  54® 
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T.  of  ^  DCB^CDB. 

54^_^^  05'  =45«  SS^'-CDB. 

4.  S,  CDB :  BC: :  S.  DBC  :  DC. 
45*>  5S*    175.6        n^  392.5. 

LEMMA. 

Pl.  6.  Jig.  12. 

Iffnm  a  ftoint  C,  ^a  triangle  ABC^  inacribed  in  a  circle^ 
there  be  a  fier/iendieular  CDy  let  fall  ufion  the  opfioeite  aide 
AB  s  that  perfiendicudar  m  to  one  of  the  »de%y  including  the 
angley  ae  the  other  aidcj  including  the  anglcj  ia  to  the  diameter 
of  the  circle^  i.  c.  DC:  AC:  :  CB  :  C£, 

Let  the  diametet  CE  be  dravni  and  join  EB  ;  it 
is  plain  the  angle  CEB^CAB  (by  cor.  2.  theo.  7. 
^eom.)  and  CB  £  is  a  right  angle  (by  cor.  5.  theo. 

geom.)  and=^Z)C  ;  whence  ECB^ACD. 
The  triangles  CEBy  CAD^  are  therefore  jmutually 
equiangular,  and  (by  theo.  I6.  geom.)  DC  :  AC:  : 
CB :  CE,  ox  DC:  CB,: :  AC  :CE.    2.  E.  D. 

P/tOB.  V. 

Pl,  6.  fig.  5. 

Let  three  gentlemen's  seats.  A,  J9,  d  be  situate 
in  a  triangular  form :  there  is  given,  aB  3.5  miles, 
AC  3.  3,  and  BC3.  It  is  required  to  build  a  church 
at  Ei  that  shall  be  equi-distant  from  the  seats  ./f,  By 
C  What  distance  must  it  be  from  each  seat,  and 
by  what  angle  may  the  place  of  it  be  foudd  ? 
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By  Construction. 

By  prob.  15.  geom.  Find  the  centre  of  a  circle 
that  will  pass  tlirough  thepninls,  .i,  B,  C  ;  and 
that  will  be  Ibe  [jlace  of  the  church  ;  the  measure 
of  which,  toany  of  these  points,  is  the  answer  for 
the  distance  :  draw  a  line  from  any  of  the  three 
points  to  the  Centre,  and  the  angle  it  inakM  with 
eitiier  of  the  sides  that  contain  the  angle  it  was 
drawn  to  ;  that  angle  laid  oif  by  the  direction  of 
an  instrument,  on  the  ground,  and  the  distance 
before  ioimd,  being  ranged  thereon,  will  give  the 
place  of  the  church  requited. 

fly  Caleulatiov.  , 

1.  AB  :  AC+SC ;  .  AC—BC  .■  AD—VB.    "' 

9.5         4.3  .3  .516. 


1.25+ .358=1.508=^1). 


By  cor.  2.  theo.  li.  geom.  The  sqiuire  mot  rf 
the  difference  of  the  squares  of  the  hypolhenuse 
AC,  and  given  leg  AD,  will  give  DC. 


That  is.  5.29— a274O6i=«Sj0159SC. 
Its  square  root  is  1.736=CZ). 
Then  by  the  preceding  lemma. 


1.CD:AC: 

1.736  'i.3 


CB  : 


the  diameter. 
2.65. 


the  half  of  which,  viz.  1.395  is  the  semi-diameter, 
or  distauce  of  the  church  from  each  seat,  that  is, 
AE,  CE,  BE. 
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From  the  centre  Ey  let  fall  a  perpendicular  upon 
any  of  the  sides  as  EFy  and  it  will  bisect  in  E  : 
(by  thee-  8!  geom.) 

Wherefore  AF^CF^l  AC^\.\5. 

In  the  right  angled  triangle  AFE^  you  have  AF 
1.15,  and  AE  the  radius  1.935  given^  to  I^uAFAEj 

3.  AF :  R.:  :AE:  Sec.  FAE. 
1.15  90«     1.325    29^  47^ 

Wherefore  directing  an  instrument  to  make  an 
angle  of  39^47^  with  the  line  AC;  and  measur- 
ing 1.325  on  that  line  of  direction,  will  give  the 
place  of  the  church,  or  the  centre  of  a  circle  that 
will  pass  through  J,  B^  and  C 

The  above  angle  FAE^  may  be  had  without  a- 
secant,  as  before,  thus ; 

AE  :  R  ;  :  AF :  S.  AEF. 
1.325  90<^    .115  60«.  13^ 

Its  complement  39^.  47^,  will  gtveFAE^  as  be^ 
fore. 

The  questions  that  may  be  proposed  on  this 
head,  being  innumerable,  we  have  chosen  to  give  only 
a  few  of  the  most  useful. 


BECTION    III. 

ArbaE)    or    the    vabiovs    methods 
lo  thb  svpkiivicial  content  of 

ANY    FlE.Lt>. 

DEFINITION. 

jL  HE  area  or  content  of  any  |Janc  surface,  in 
perches,  is  the  number  of  Bqunre  jierchea  which 
that  surface  contatus. 

ri.  7.  Jis-l. 

Let  ABCD  represent  a  rectangular  pnrallelo- 
gram,  or  oblong :  let  the  side  AB,  or  /)C,  con- 
taJD  8  equal  parts  ;  and  the  side  aD,  or  BO, 
three  of  such  parts  ;  Irt  tlie  liue  AH  be  moved  in 
the  direction  of  AD,  till  it  has  come  to  EF:  where 
AE,  or  BF  (the  diatancc  of  it  from  its  Qrst  Bitua> 
tJon)  may  be  equal  to  one  ol  the  equal  par's.  Here 
it  is  evident,  that  the  generated  nblong  AHEF,  will 
contain  as  many  squares  as  the  side  AB  contains 
equal  parts,  which  are  8;  each  square  having  for 
its  side  one  of  the  equal  parts,  into  which  AB^  or 
AD,  is  divided.  Again,  let  AB  move  nn  till  it 
comes  to  GH,  so  as  GE,  or  HF,  may  be  equal 
4o  AE,  or  BF ;  then  it  isplatn  that  tjie  oblong 
^'AOHB,  will  contain  twice  as  many  eqoares 
the  side  AB  contains  equal  p-irts  After  the 
same  manner  it  will  »p|)ear,  that  the  oblong  ADCB 
will  contaio  three  times  as  many  squares  as  ttie  Ritle 
AB  contains  equal  parts  ;  and  in  general,  that 
every  rectangular  paralleled  ram,  whether  square  or 
oblong,  contains  as  many  squares  as  the  product  of 
the  number  of  equal  parts  in  the  base,  multiplied 
into  the  number  of  the  same  equal  parts  in  the 
height,  contains  units,  each  square  haviog  for  itsi 
me  of  the  equal  parts.  ' 


Tc  find  the  Content  of  Ground.         QOl 
H«)ce  arises  the  solution  of  the  fbllawiiig  prol> 


I 


P/tOB.  [. 

To  find  tkf  content  nf  a  square  fiiett  of  gmOMii. 

1.  Multiply  the  base  in  perchestintothe  (jerpen- 
dicuUr  in  perdiea,  the  product  will  he  the  c^nleni 
in  perrhes;  and  because  I60  perches  make  an  acre, 
ttmuBt  thence  follow,  tiiat 

Any  area,  or  content  in  perches,  being  divirlfd 
by  l60,  will  give  the  content  in  acres  ;  the  remain- 
ing perclies,  if  more  than  40,  being  divided  by  lO, 
will  give  the  roods,  and  the  last  rcnwinder,  if  any, 
will  be  perches. 

Or  thus: 

%  Square  the  side  in  four-pole  chains  and 
links,  and  the  product  will  be  square  four-]x)le 
chains  and  links;  divide  this  by  10.  or  cut  •jff 
one  more  than  the  decimals,  which  are  Gve  in  nil, 
from  the  right  towards  the  leli  :  the  figu'ea 
on  the  left  areacres;  because  10  square  rm*  pole 
chains  makeanacre,andthe  remaiii'Og figures  on 
tbe  right,  are  decimal  [urts  of  an  acre.  Multiply 
the  five  figures  to  ihe  right  by  -i,  cutting  5  (igurcs 
from  the  product,  and  if  any  iigure  \<e  to  ihe  li^ft 
of  Ibem,  it  is  a  rood,  or  rcxxii);  multiply  llie  last 
cut  off  figures  by  40,  cutting  olT  five  or  (which  is 
the  same  thing)'by  4,  cutting  off  four  ;  and  there- 
mftinina  figures  to  ihe  left,  if  any,  are  perches. 

1.  'lae  first  part  is  plain, from  considering  tha 
piece  of  groundin  asquare  form,  wh'»8e  side  is  a 
I  perch,  must  contain  a  perch  ol  ground;  and 
[  40  Mich  perches  make  a  rood,  and  four  ra 
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acre ;  or  which  is  the  same  thing>  that  1 60  square 
perches  make  an  acre>  as  before. 

2.  A  square  four-pole  chain  (that  is,  a  piece  of 
ground  four  poles  or  perches  every  way)  must  con- 
tain 160  square  perches  ;  and  160  perches  make 
an  acre,  therefore  10  times  16  perches,  or  10 square 
four  pole  chains,  make  an  acre. 

Note.  The  chains  given,  or  required,  in  any  of 
the  following  problems,  are  supposed  to  be  two- 
pole  chains,  that  chain  being  most  coipmonly  used  ; 
but  they  must  be  reduced  to  four-j)ole  chains  or 
perches  for  calculation,  because  the  links  will  not 
operate  with  them  as  decimals. 

Examples. 

Pl,  I.  Jiff.  17. 

C/i.  L 
Let  A  BCD  he  a  square  field,  whose  side  is  1 4  29,. 
required  the  content  in  acres. 

CL  L. 
By  problem  4.  section  1.  part  2.  14.  i^  are  equal  to 

29.16  perches. 
29.16 


17496 
2916 

26244 

5832 


A.  K.  i  • 


1 60)B5O.3056(  5. 1 .  10.  content: 

40)50(1  rood. 
•  fOpercbes. 
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Or  thus : 

Ch.  Z.  Ch.  L. 

14.  29  are  equal  to  7.  39  of  four-pole  chains,  by 
frob.  J[.«ect  1.  pt  %  7.  ^ 

6561 
1458 
5103 
A.  R.  P. 

Acres  5131441  cent,  as  before  5.  l.IO 

'  4 


Rood  11^5764 

40 


Perches  10|30560 


It  is  required  to  lay  down  a  map  of  tiiis  piece 
of  ground,  by  a  scale  of  twenty  perches  to  an 
inch. 


Take  29.  1 6  the  perches  of  the  given  side,  from 
the  small  diagonal  on  the  common  surveying  scale, 
where  20  small,  or  two  of  the  large  divisions,  are  an 
inch :  make  a  square  whose  side  is  that  length  (by 
prob.  9.  geom.)  and  it  is  done. 

PROB.  IL  ■ 

7b  Jind  the  Me  qf  a  Mquutrcy  vho^e  content  U  given. 

Extract  the  square  root  of  the  given  content  in 
perches,  and  you  have  the  side  in  perches^  and  con- 
sequently in  chains. 


.aD4         Tefndthe Content  of  Ormukt. 


EZAHFLB. 


It  if!  required  to  lay  ont  a  square  piece  of  ground 
which  shall  contain  19A.  SEL  16P.  Required  the 
numlier  of  chains  in  each  side  of  the  square  ;  Hud 
to  lay  down  a  map  of  it,  by  a  scale  of  40  perches  to 
an  inch. 

A*    R«     P« 
12.    9.    16. 

4 


51 
40 

Ch.    L. 


2056r45.34+percbe8  =  S3.  S3  i  by  prob.  CL 
85)456  [teet  1.  pt  3. 

903)3100 


9004)39100  &c. 

To  draw  the  map. 

From  a  scale  where  4  of  the  Iarge>  or  40  of  the 
small  divisions  are  an  inch,  take  45.34^  the  perches 
of  the  side>  of  which  make  a  square. 


PROB.  III. 

To  find  the  content  of  an  oblong  fiiece  q/*  ground. 

Multiply  the  length  by  the  breadth^  for  the 
content. 


IbJittdtkeCtmtenlqfGfmmi.         905 


PX.  I.  Jig.  J. 

Let  JBCD  be  air  oblong  pieoe  ci  ground,  whose 
length  jIJB\b  14C.^Z.and  breadth  SC.  97L.  re- 
quired the  contMit  in  acres,  and  also  to  lay  down 
a  map  of  itt  by  a  scale  of  90  perches  to  an  inch. 

Ch.  L.    Perches. 

^a^^aSj   Byproh.4.sect.I.pt3. 


15732 

3496 

A.  R.  ?• 

460)506^300(3.  0.  27.  content 

S6  percheflif  or  near  97. 


Or  thus : 
4  pole  ch. 
Ck.  Li.    Ch.  l». 

^sJ?  r  \%  \  ByP«*.l.«ect,  l.pt.2. 

6075 
3175 
9900 


Acres  3|l68^ 

4 


IU)od|67aoo 

4 


Perches  Sl6)9S»0 


fl06  To  find  the  Content  of  Chromd. 

To  draw  the  map. 

Make  an  oblong  (by  scbol.  to  prob.  9.  geom.) 
whese  length,  from  a  s^mle  of  20  to  an  inch,  may 
be  39  perches,  and  breadth,  17.48  perches. 

PBOB.  IK 

The  content  of  an  oblong  fUece  qfground^  and  one  tide  givefiy 

tojlndthe  other. 

Divide  the  content  in  perches,  by  the  given  side 
in  perches,  the  quotient  is  the  side  required  in 
perches  ;  and  thence  it  may  be  easily  reduced  to 
chains. 

EXAMFLE. 

There  is  a  ditch  14  Ch.  05  L.  long,  hy  the  side 
of  which  It  is  inquired  to  lay  out  an  oblong  piece 
<rf  ground,  which  shall  contain  3A.  OR,  S7P :  what 
breadth  must  be  laid  off  at  each  end  of  the  ditch  t<>^ 
enclose  the  3A.  OR.  37V  ? 

A.    R.     P. 

3.      0.    27. 


19 

40 

Perch.  Ch.  L. 


^29)507(1 7.48  =  8.  37.  breadth 
217 
140 
240 
g 


To  find  the  Content  qf  Ground.  SO? 

The  map  is  constructed  like  the  last. 

PHOB,  F. 

Tojind  the  content  of  a  fdece  of  ground^  inform  of  an  obUque 
angular  fiarallelogram  ;  or  qf  a  rhombusy  or  rhomboideg. 

Multiply  the  base  into  the  per})endicular  height. 
The  reason  is  plain  from  thea  13.  geooi. 

EXAMFUS. 

Pi.  T.fg.  2. 

Let  ABCD  he  a  piece  of  ground  in  form  of  a 
rhombus,  whose  base  AB  is  9?  chains,  aad  perpen- 
dicular DE,  or  FCi  20  chains.  Required  the  con- 
tent 


Ch.    Ch. 
22= 
20 


=100  \   *  pole  chains. 


.Acres  11|0 


Or, 


C/i. 

£=t^  }  perches. 


160)1760(11  acres. 
160 


TTie  conrerse of  this  is  done  by  prob.  4.  and  the 
niap  is  drawn,  hy  laj'ing  oir  the  perjieiidicular  on 
Ibat  part  »|  ihe  base  fmm  whence  it  was  taken; 
(lining  ihe  extremity  (hereof  to  that  of  the  base 
ly  a  right  line,  and  Uieoce  completing  the  jMirallelo- 
grara. 

pitoB.  ri 

T'3  find  the  eonienKi/  a  triangular  /titer  (/  yroun  J, 
Mullij.Iylbe  base  by  half  the  perpendicular,  or 
ie  perjiendicnlur  by  hnlf  the  base  ;  or  take   balf 
the  product  of  the  base  into  tile  perpendicular. 

The  reason  of  this  is  plain,  from  cor.  Q.  theo. 
IS.  geom. 

EX.^MPLE. 
Pt   1.  /If.  16. 
"  Let  JBChe  B  triangular  piece  of  ground,  wbose 
longest  side  or  b-iscflC'i  is  3I4C  SSL.  and   perpcu- 
Jjcular  JD,  let  fall  Ironi  the  opposite  angle,  is  IS 
7.  2SL.     Required  the  content. 
CIt.  L.     Ch.  L. 
l.BaseiMv  38=  la  88  )    ,      ,     ,  .  , 
iperp.  3.  39i    *  P°l<^  <=1»">»- 

U142 
S7M 
3714 

.•Veres  4119682 


Rood  |787'.>8 

•iO 

:         Perches  31149130 

A.  R.  P. 
ontent  4.  0.  31. 


TofindtheOmtentef  GrnauL  flOSi 

Perp.  13  %  «  6. 78  )    four-pole  chains   by 
iperp.    6.3Q  s  3.39  )    prob.  1.  sect  1.  ptS. 

Or  fldly.  Perp.  6.78  of  £)ar-pole  chaiiis. 
ibase  6.19 

6102 
678 
4068 

A.    fi.    P. 


4|1968S  =  4.    0.    31. 

Or  3dly.  Base  12.38  four>pole  chaioB. 
Perp.  6.78 

9904 
8666 
7428 


83.9364 

— ^    A.    R     P.  * 

Its>  «  4|l96d2=  4!    0.'    3\, 

Or  the  base  and  perpendicular  may  be  reduced 
to  perches ;  and  the  contest  may  be  thence  obtain* 
cd»  thus  - 


Ee 


SIO        Te  find  the  Content  of  Grmati. 

Ch.  L.    Perches. 
Rrp.    13.28  =37.13  \ 

Half  the  peip.  lliief   Byprob.4.sect.I.pt.2i 

Perches.  Ch.  L. 
I.    Base  49.53  =  34.38 
iperp.  13.56 

39713 
24760 
14856 
4953 

A.    R    P. 

160)671.4913(4.    0.    31. 

31 


P«rches. 
2.    Perp.  27.13 
Half  baae  34.76 


16272 
18984 
10848 
5434 

A.    R    P. 

671.4912=  4.    0.    31, 


But,  square  perches  may  be  reduced  to  acres,  &c. 
rather  more  commodiously,  by  dividing  by  40  and 
4,  than  by  160  ;  thus, 

4|0)67|1. 

4)16.  31 

A.  4.  0. 31 


.  To finiihe  Content tjfOtWHd.        Sll 

Perches. 
3.    Base  49i>2l 
Perp.  27a2 

9904 
4952 
34664 
9904 


•• 


1343.9834 

A:  R.   p. 

671.4912=  4.  0.  31 


The  map  may  be  readily  drawn,  having  the  dis- 
lance  from  either  end  of  the  base,  to  the  perpen- 
dicular given ;  as  may  be  evident  from  the  figure. 


PROB.  riL 


The  content  tf  a  triangular  piece  qf  ground^  and  ihe  ba$c 

ghteriy  tojind  the  perpendicular. 

Divide  the  content  in  perches^  by  half  the  base 
in  perches ;  and  the  quotient  will  give  you  the  per- 
pkndiculao  ii^  petches  and  so  in  chains. 


EXAHFLSS. 
Ft.  I.  Jig.  16. 

Let  BC  be  a  ditch,  whose  length  is  84C  40L. 
by  which  it  is  required  to  lay  out  a  triangular  piece 
of  ground,  whose  content  abaU  be  4A.  IR,  10P« 
Required  the  perpendicular. 


fttft        Tc  find  the  Content  of  Groiaid. 

Ch.  L.  Perches. 
Base    94.40  «  49-6 
Halftheba8es24.8 

A.  R.  P.* 
4.  1.  10. 
4 


m 


17 
40 

—  Perches. 
34.8)690(37.28 

1940 


9040 
660 
64 


Perches.  Ch.  L. 
Answer  perp.  Q7.28  =  13.45. 

This  perpendicular  being  laid  on  any  part  of  the 
base,  and  lines  run  from  its  extremity  to  the  ends 
of  the  base,  will  lay  out  the  triangle  (by  cor.  to  theo. 
13.  geom.)  so  that  the  perpendicular  may  be  set 
on  hat  part  of  the  base  which  is  most  convenient 
and  agreeable  to  the  parties  concerned. 


To  fad  llie  Contefit  of  Ground.  aiS 

LEiMMA. 

Pl.  8.  f^.  9. 

If  from  half  the  aum  of  the  sides  of  any  filane  triangle  ABCy 
each  fiarticttiar  side  be  taken  ;  and  if  the  hafaiim^  and  she 
three  remainders  be  multifiiicd  continuaUij  into  rath  other^ 
She  sqttmre  root  of  this  firoduct  will  be  the  area  of  the  triati' 

Bisecfe  any  two  of  the  angles,  as  A  and  JB,  with 
the  lines  AB,  BD  meeting  in  D  ;  draw  the  jxjrpen- 
diculars  D£,  DF,  DG. 

The  triangle  AFD  is  equiangular  to  AED  ; 
for  the  angle  FAD=^EAI)  by  construction,  and 
AFD^AEDy  being  each  a  right  angle,  and  of 
consequence  ADF^ADE  ;  wherefore  AD  : 
DE  :  :  AD  :  DE :  and  since  AD  bears  the  same 
proportion  to  DF,  that  it  doth  to  DE,  DF^DE^ 
and  the  triangle  AFD=AED.  The  same  way 
DE^DGy  and  the  triangle  DEB=DGBy  and 
FD'^DEf^^DG  ;  therefore  D  will  be  the  centre 
of  a  circle  that  will  pass  through  Ey  Fy  G. 

In  the  same  way  if  J  and  Cwere  bisected,  the 
same  point  D  would  be  had ;  therefore  a  line  from 
D  to  C  will  bisect  C,  and  thus  the  triangles  DFCy 
DGC  will  be  also  equal. 

Produce  Cd  to  H,  till  AH=EB  or  GB  ;  » 
will  ^C  be  equal  to  half  the  sum  of  the  sides,  t'tz. 
toiifi?,  +  «  ^C  +  i  i?C;  for  FC,  FA,  EBy  are 
■eveially  equal  to  6'(?,  AE,  BG  ;  and  all  these  to 
gether  are  equal  to  the  sum  of  the  sides  of  the 
triangle ;  therefore  FC  +  FA  +  EB  or  CH,  arc 
equal  to  half  the  sum  of  the  sides. 

FC^CH—AB,  for  AF=AE  saAHA=EB  : 
therefore  iW=^^  ;  mdAF=Cff-^BC ;  lor  Cr 


I 
I 

I 
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=CG,  aod   AH=GU  ;  therefore  BC^HA-^Fa 
and  AN  ^  CU—AU. 

Continue  OC  till  it  meefaa  perpendicular  draw 
upon  //  iu  A" ;  and  from  A'  draw  the  perpendicull 
A/,  and  join  AK. 

Because  the  angles  A/ZKand  AIR' are  two  righi 
ones,  the  angles  ^/^  and  A'  together,  are  et^ua 
to  two  right;  since  the  angles  nt  tlie  two  tnaa-;j 
gles  contain  four  right;  in  the  same  way  FDE-^ 
FJE={'i  right  angle3=)  FAE-i-IAH;  let  Fji& 
be  taken  from  both,  then  /"/>£= /^//,  and  of  courM 
FAE  —  A';  the  quadrilateral  figures  AFDE,  anJ 
KHA I,  are  therefore  similar,  and  haie  the  sidei 
about  the  equal  andes  proportional ;  and  it 
jdain  the  triangles  CFD  and  CHA'  are  also  propor- 
tional: bencef 


/7>: 

FJ): 


HA: 
FCz: 


FA :  Ft  ft 
HK.HC 


Wherefore  by  multiplying  the  extreme,  ami 
meana  in  both,  it  will  be  the  square  of  FD  ^  HK 
X  HC^'FC^FA^UA^HK ;  let  HK  be  taken 
from  both,  and  multiply  each  side  by  CH  ;  then 
the  square  oiCH  X  by  the  square  of  FD=FC^ 
FA>^JIA^CH. 

It  is  plain,  by  the  foregoing  problem,  that  }  AB*- 
DE,  +i  nC  X  DG  +1  ACXFD  -  the  area  ■ 
the  triangle;  or  that  half  the  sum  of  the  sides,  vi 
CH^FO^ihe  triangle  ;  wherefore  the   square    < 
CH^  bythesquareof  FD=FC>iFAxHAxCJ  , 
that  is,  the  half  sum  multiplied  continually  into  thol 
differences  between  Uie  half  sura  and  each 
will  be  the  square  of  the  area  of  the  triangle, 
its  root  the  area.    %  £.  D. 
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Hence  the  following  problem  will  be  evident 

PRO£.  nil. 


\  . 


The  three  udet  of  a  plane  triangle  given  to  find  the  area. 

Rule. 

From  half  tlie  sum  of  the  three  sides  subtract 
each  side  severally ;  take  the  logarithms  of  half  the 
sum  and  three  remainders,  and  half  their  total  will 
be  the  logarithm  of  the  area :  or,  take  the  square 
roo^  of  the  continued  product  of  the  half  sum  and 
three  remainders  for  the  area. 

Examples. 

Pl.  8.  Jig.  9. 

1.  Iniht  truing le  ABCj  arc 

J  ^B=  10.64).         1     ,   . 
CB=  9  00  V  ^^^^^  ***®  *^^*  ^ 
Sum      31.92 


Half  sum      15.96    Log.     1.203039 

_      0  725912. 
Remainders      I   3.68     —      0.565848' 

f609 


io,\§\}  Mjog.  l^sy}c^ 

S5.32     —  0  725! 

3.68      —  0.565) 

6.96  —  0.842( 


2)3.337402 


Answer,  Sqr.  Ch.  46.63  Log.  1.668701 

or,     4.663  Acres. 

Or,  15.96  x5.32x3.68x6.i>6»Sl747lll33l6; 
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the  square  root  of  which  is  46.6^  for  the  area  aa 
before. 

S  What  quantity  of  land  is  contained  in  a  tri- 
angle, the  S  sides  of  which  are,  80,  120  and  160 
perches  respectively  ?   Answer  29A,  7P- 


PROB.  IX. 

Two  8ide§  qf  a  fUane'trUmglc  and  their  included  angSi gtvefij 

to  find  the  area. 

RULB. 

To  the  log.  sine  of  the  given  angle  (or  <^  its  sop- 
plementto  180^,  if  obtuse)  add  the  logarithms  of 
the  containing  sides;  the  sum,  less  ra(uus>^will  be 
the  logarithm  of  the  double  area. 

Examples. 

Pl.  5.  fig.  16. 

Suppose  two  sides,  A  By  ACy  of  a  triangular  lot 
ABCj  form  an  angle  of  30  degrees,  and  measure 
one  C4  perches,  and  the  other  40.5  what  must  the 

content  be  ? 

Given  angle  30^.    sine  9.698970 

i2)1296.  log.    3.113605 
160)648(4A.  8P.  answer.  ' 


• 


To  find  the  Content  of  Grom^.  Sl7 

@.  Required  the  area  of  a  triangle,  two  sides  of 
which  are  492  and  40.8  perches,  and  their  con 
tained  angle  144  w  degrees  ?  Answer,  3A.  2R.  22P. 

3.  What  quiiHtity  of  ground  is  inclosed  in  an 
equilateral  triangle,each  aide  of  which  is  100 perches, 
either  angle  being  60  degrees  ?  Answer,  27A.  lOP. 

Demonstration  tf  this  problem. 

Let  AH  be  perpendicular  to  AB  and  equal  to 
ACy  and  HRy  FCG,  parallel  to  AB  ;  then  making 
AH  (=  AC)  radius,  AF{=  CD)  will  be  the  sine 
<tf  CADy  and  tke  parallelograms  A  B  EH  (the  pro- 
duct of  the  given  sides)  and  ^iBC/*  the  double 
area  <A  the  triangle)  having  the  same  base  ABy  are 
in  proportion  as  their  heights  AHy  AF ;  that  is,  as 
raclius  to  the  sine  of  the  given  angle ;  which  pro- 
portion gives  the  operation  as  in  the  rule  above. 


PROB.  X. 

Tojind  the  area  of  a  trafiezoidy  -viz.  ajiffurr  houn(*rfl  by  funr 
right  Unesy  two  qf  which  are  fiaraileiy  but  uneijuaL 

RCL£. 

Multiply  the  sum  of  the  para^^el  sides  by  their 
perpendicular  distance,  aud  take  half  the  product 
for  the  area. 


NeTB.  On  this  lOth  problem  are  founded  most  of  the  cal- 
culaUonsof  difTercnceii  b^  latitude  and  departure,  and  thuse 
by  offsets,  iQllowing  in  this  treatise. 

Ff 


918  To^d  the  Cminit  of  Ground. 

ExAMFLEe. 

1.  Required  the  area  of  a  trapezoid,  of  which  the 
parallel  sides  are,  respectively,  30  ard  49  perches^ 
and  their  perpendicular  distance  61.6? 

30+49  »^^1   Multiply. 
S)4866.4 
Answer,  2433.2=  15A.  33.2P, 

Pl.  9.  Jig.  10. 

2.  In  the  trapezoid  ABCD  the  parallel  sid^ 
we,AI)i  20  perches,  BC  3(:>,and  their  perpendicu- 
lar distance,  A£,  26 ;  required  the  content  ? 

Answer,  4A.  36P. 

PJtOB.  XL 

To  find  the  Content  of  a  trapeiitm. 

Rule. 

Multiply  the  diagonal,  or  line  joining  the  re- 
motest opposite  angles,  by  the  sum  ot  the  two  per^ 
pendiculars  lalling  from  the  other  angles  to  that  di- 
agonal^ and  hali  the  product  will  be  the  arei^. 

Example. 

Pl.  7, Jig.  3. 

Let  ABCD  be  a  field  in  form  of  a  trapezium,  the 
diagonal  j4C  64.4  perches,  the  [)er|;endicular  jBi 
13.6  and  Dd  27.2,  required  the  content  ? 
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isSl+S^a  ==  SI  I  ^^^^p^y- 


2)2627^2 

l60)l3l376(8A.33iP.  Answer. 
1280 


33i  perches. 


Note.  The  method  of  multiplying  together  the 
half  sums  of  the  opposite  sides  of  a  trapezium  for 
the  content  is  erroneous^  and  the  more  so  the  more 
oblique  its  angles  are. 

To  draw  the  map  set  off  ./^d  28  perches  and  Ad 
34.4,  and  there  make  the  perpendiculars  to  their 
proper  lengths,  and  join  their  extremities  to  those 
of  the  diagonal. 

^       PBOB.  xn. 

To  find  the  area  of  a  circle^  or  an  eUifitU, 

Rule. 

Multiply  the  square  of  the  circle's  diameter,  or 
the  product  of  the  longest  and  shortest  diameters 
«f  the  ellipsis  by  .7854  for  the  area.  Or,  subtract 
0.104909  from  the  double  logarithm  of  the  circle's 
diameter,  or  from  the  sum  of  the  logarithms  of  those 
elliptic  diameters,  and  tlie  remainder  will  be  the 
logarithm  of  the  area. 

Note.     In  any  circle,  the 
Wain,  multi.  j  .    ^  ^  ^j^   j  Pfodices  the  Or. 
Circum.  (|iv.  >   •'  *  \  quotes   the  ai«» 


QSO  To  find  the  Content  of  Ground. 

Examples. 

J.  How  many  acres  are  in  a  circle  of  a  mile 
diameter  ? 

1  Mile  =3S0  per.  log.  S..505150 

2.505150 


5.010300 
0.104909 


4|0)804?|5.  log.  4.905391 
4)@010.S5 
Answer,      502A.  2R.  25P. 

Q.  A  gentleman,  knowing  tbat  tlie  area  of  a  cir* 
cle  is  greater  than  that  of  any  other  figure  of  equal 
perimeter,  walls  in  a  circular  deer  park  of  lOO 
perches  diameter,  in  which  he  makes  an  elliptical 
fisli  pond  10  perches  long  by  5  wide ;  required  the 
length  of  his  wall,  content  of  his  park^  and  area  of 
his  pond  ? 

Answer,the  wall  314.16  perches  inclosing  49^/. 
14/^.  of  which  S9i  perches,  orjof  an  acre  nearly, 
is  appropriated  to  the  pond. 

PROB.  XIII. 

The  area  of  a  circle  giveriy  tojinditt  diameter 

Rule. 

To  the  logarithm  of  the  area  add  0.104909»  and 
hall  the  sum  will  be  the  logarithm  of  the  diameter. 
Or,  divide  the  area  by  .78.54  and  the  square-root  of 
the  quotient  will  be  the  diameter. 


Tofindihe  CoMent  vf  Grumd.  flSI 

Examples. 

A  horse  in  the  midst  of  a  meadow  snppow» 
Made  fast  to  a  stake  by  a  line  from  his  nose. 
How  long  must  this  line  be,  that  feeding  all 

roand» 
Permits  him  to  graze  just  tn  acre  of  ground  ? 


Area  in  perches  160  log.  2.904120 

0.104909 


2)9.309029 

2)  

Diameter  14.2733    log.      1.154514 

Answer,   7.13665   per.   r=ll7F.  9  In. 


PROS.  XIF. 

It  is  customary  to  deduct  6  acres  out  of  106  for 
roads ;  the  land  before  the  deduction  is  made  may 
be  termed  the  gross,  and  that  remaining  after  such 
deduction,  the  neat. 

m 

Rule. 

The  gross  div.  )    Kit  i  nR    (  quoteis  the  neat 
The  neat  raul.  J    ^  ^-^^  {  prod,  the  gross. 


Examples. 

1.  How  much  land  must  I  inclose  to  have  850A. 
SR  90P.  neat? 


222  To findtfie  Content  of  Ground. 

40130. 

Acres.  A.  R.  P. 

850.625  X  1.06=901. 6625=901  .'i.26.  theans.  ' 

3.  How  much  neat  land  is  tbere  in  a  tract  of 
90IA.  2lt  36P.  gxcmi' 

401^6. 
4j  2.65 

Acres.     A.  It  P. 

1.06)901.6625(850.625=850.2.20.  the  anaw. 
848 

&c. 

Note.   Tbese  two  operations  prove  each  other. 


To^ndlheaTtaof  afiiftf  of  sr(ntnd  hr  it  <ver  lO  irrrgvlar 
by  dividing  it  into  trianglet  and  ira/ieztQ- 


Wehereadmit  the  siin'ey  tobe  taken  and  pro- 
tracted; hy  having  therefore  llie  map,  and  knmv- 
^  ing  the  scale  by  which  it  was  laid  down,  the  con- 
tent may  be  thus  obtained. 

Dispose  (he  given  map  into  triangles,  by  Hue 
,  pencilled  Unes,  such  as  are  here  represented  rn  the 
scheme,  and  number  the  triangles  with  1,3.3,4. 
&c.  Your  map  being  thus  prepared,  rule  a  table 
with  four  columns;  the  first  of  which  is  for  the 
number  of  the  triangle,  the  second  for  (be  base 
of  it,  the  third  for  the  perpejidicular,  and  the  fourtli 
'for  the  content  in  perches. 


Tojmd  the  Content  of  Ground.  i223 

Then  proceed  to  measure  the  base  of  number  1, 
from  the  scale  of  perches  the  map  was  laid  down> 
and  p^ace  that  in  the  second  cnlumn  of  the  table, 
under  the  word  base  ;  and  from  the  angle  opposite 
to  the  base,  open  your  compasses  so,  as  when 
one  foot  is  in  ibe  angular  point,  the  other  being 
moved  backwards  and  forwards,  may  just  touch 
the  base  line,  and  neither  go  the  least  above  or  be- 
neath it;  that  distance  in  the  compasses  measured 
from  the  same  scale,  is  the  length  of  that  perpen- 
dicular, which  place  in  the  third  column,  under 
the  word  perpcndiciilar. 

If  the  perpendiculars  of  two  triangles  fall  on  one 
and  the  same  base,  it  is  unnecessary  to  put  down 
the  base  twice,  but  insert  the  second  perpendicular 
opposite  to  the  number  of  the  triangles  in  tlie  table, 
and  join  it  with  the  other  perpendicular  by  a  brace 
as  No.  1  &  ■2, 4  &  5, 6&  7,  9  &  10,  STc. 

Proceed  after  thia  manner,  till  you  have  mea- 
sured all  the  triangles  ;  and  then  by  prob.  6.  find 
the  content  yi  pcrclies  of  each  respective  triangle, 
which  sevemlly  place  in  the  table  opposite  lo  the 
number  of  the  triangle,  in  the  fourth  column,  un- 
der the  word  content. 

But  where  two  perpendiculars  are  joined  to- 
gether in  the  table,  by  a  brace  having  both  one  and 
the  same  basi? ;  find  the  content  of  each  (Ijeinga 
trapezium)  in  perches,  by  prob.  11.  which  place 
opposite  the  middle  of  those  perpendiculara,  in  the 
fourth  column,  under  the  word  content. 

Having  thus  obtained  the  content  of  each  re- 
spective triangle  and  trapezium,  wbic^  the  map  con- 
tains, add  them  all  togctlier.  and  their  sum  will  b~ 
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a^  To  find  Uie  Content  of  Grouml. 

the  content  of  the  map  in  perches ;  which  being 
divided  by  I60,  gives  the  content  in  acres.  Thus, 
for 

Examples. 


Pfo.' 

Ii.se. 

Periienil 

(-(iiil^nt 

I 
■i 

248 

17.0) 
16.3  ( 

412.9'2 

S 

28.'3 

16.0 

225.6 

4 
5 
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19.6) 
16,2  i 

712.42 

7 

49.4 

29.0) 
1.5.0  j 

1086.8 

8 

SS.7 

6.7 

129.64 

y 

40.0 

17  0) 

600 

10 

IS.O  j 

n 

12 

4S.S 

10.2) 
12.3  i 

481.3 

13 

■26.1 

as 

231.49 

14 
15 

•U.0 

11.6) 

lo.oi 

M9.2 

Content  in  perches 

4142..57 

This  being  divided  by  160,  will  give  2S" 
•HP.  the  content  of  the  map. 

Let  your  map  be  laid  down  by  the  largest  scale 
your  pnper  will  admit,  •  for  then  the  bases  and  pM> 
pendiciilara  can  be  measured  vifith  greater  acouraey 
than  u'tien  laid  down  by  a  smaller  8cale>  and  if  pas-  j 
sible  measure  from  scales  divided  diagomiUy.  1 


If  the  bases  and  periwndiculare  were  i 
by  four-pole  chains,  the  content  of  every  triangte 


r 

J 
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aori  trapcztuin»  may  be  li^^  ^  before,  \n  proHemH 
6.  »n>l  1  !•  Aiid  cousequcutly  tlie  whole  ooatcot  of 
the  map. 

If  any  part  of  your  map  has  sliort  or  crooked 
bouiidfii  as  Ihosc  rciirescnted  in  [ilate  7.  fig-  5. 
then  by  the  straight  edg«  of  a  lraiisi>arent  liorn, 
draw  a  fine  jjencilied  liiitafl  jf^  to  balance  the  parts 
tfiken  and  left  out.  as  u\»o  annllier..AC'  these 
parts  when  imwll,  may  l)e  balanoef!  very  nearly  fry 
the  eye,  or  they  may  be  inore  accurately  balanced  ' 
by  method  the  third..  Join  the  poinia  Jt  and  f'  by 
a  line,  so  will  the  content  of  the  triangle  ABC,  be 
equal  to  that  contiined  Iwtwccn  the  line  /tC^  and 
the  crooked  boundary  from  A  to  B,  and  to  C  :  by 
"  this  method  the  nuni>x?r  of  triangles  will  be  greatly 
lessened,  and  the  contoul  become  more  certaiu  ; 
for  Ihe  i'ewer  operations  you  have,  the  less  subject 
will  you  be  to  err  :  ami  if  aji  err^n:  be  commit- 
ted,  the  eoooerit  uuiy  be  discovered. 

The  iinea  of  the  map  should  be  dravn  small,  an4 
scat,  as  well  an  the  basca;  the  coinpsees  neatly 
pointeil,  and  ecale  accurately  divi<led  ;  without 
all  which  you  lu^y  crrgrentlv  Tne  uuiliiplicalious 
sfaouhl  Iiu  run  over  twice  at  luiat,as  aliau  tho  «liU' 
tiouof  the  columo  content.  , 

From  what  has  been  eaid,  it  will  becftsytosur?ey 
Iteld,  by  reducing  it  into  Irjitngles,  ;inrt  mca- 
am-iilj;  the  bases  and  jUTp^ndiculars  by  (he  chain. 
To  aflcertiiin  the  content  only,  it  is  not  material  to 
know  It  what  fMrt  of  the  base  the  pftrpeo^licular 
was  taken :  since  it  has  been  shewn  (id  cor.  to 
tbeo.  13.geom.)  ihnt  tiimgles  on  the  same  base, 
and  betwtien  tlio  sjunc  paiiilltls  aa*  wjua!  i  but  it' 
you  wwuld  draw  a  map  Irum  lite  bases  aud  (lerj 
^8 


poo^l 
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dicularS)  it  is  evident  thnt  you  must  know  at  what 
part  of  the  base  the  perpendicular  was  taken  in 
order  to  set  it  ofT  in  itsdue  posiuon  ;  «nd  hence 
the  map  18  ta&iXy  constructed. 


I 
I 

I 


PKOB.  XFl. 


To  itctermine  t/i»  arra 
tna/i  givrn,  by  reauringit  i> 
thence  Jiniiiag  i'a  caruoii. 


'.   ftiefe  of  grotirid,  having  (A« 
c  irianffic    ryual  thereto^ 


I 
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Let  JBCDEFGffhea  map  of  ground, 
wliich  you  would  reduce  to  one  triangle  equal 
thereto.  3 

Produce  any  line  of  the  map.  as  j1/i>  both  way^  i 
lay  the  edge  ol  a  parallel  ruler  from  J  to  C,  Iiaring 
ii  above  it  ;  hold  the  other  aide  nf  f he  ruler,  or  that 
next  you  fast ;  open  till  the  same  edge  touches  ff, 
and  by  it,  with  a  protracting  pin,  mark  the  point  6t 
on  the  produced  line,  lay  the  edge  of  the  ruler 
from  Ato  D,  ha%'ing  Cabove  it.  hold  the  otljer  side 
fast,  open  till  the  same  edge  touches  C,  and  by  it 
mark  the  point  c,  on  tlie  |iro(Iuced  line.  A  line 
drawn  friMnr  to  D  will  take  in  as  much  as  it  leaves 
out  of  the  map. 

Again  lay  the  edge  of  the  ruler  from  .ff  to  i  ,^ 
lianng  6' above  it,  keep  the  other  aide  fast,  open 
tin  the  same  edge  touches  G',  and  by  it  mark  tlie 
point  g-.  on  the  produced  hne;  lay  the  edge  of 
the  ruler  from  ^  to  J?,  having /•  above  it,  keep  th*~ 
other  side  fast,  open  till  the  same  edge  touches  ly 
*nd  by  it  mark  the  point/,  on   the  produced  lintf."^ 
i^y  the  edge  of  the  ruler  (rom^  to  D,  havipg  ^ 


ives     I 

'pen     ■ 

tlie 

9   of        I 

lintf.*^! 
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above  it,  keep  the  other  side  fast,  open  litl  the  same 
edge  touches  f,and  by  it  mark,  the  point  con  ihe 
prodacetl  line.  A  line  drawn  (rom  D  (o  e,  will 
take  ia  as  much  as  it  leaves  nut.  Thus  have  yo\i 
the  triangle  c  /]>  r,  equal  to  the  irregular  polygoJt) 
ABCDEFGH. 

If  when  the  ruler's  edge  be  applied  to  tlie points 
^and  C,  tlie  point  B  lalla  uuder  rhe  mlefr  hold 
that  side  next  tne  sdid  points  inst,  and  draw  back, 
the  other  to  any  convijnient  distance  ;  then  hold 
this  last  side  last,  and  draw  biiyk  the  tormer  edge  to 
B,  and  liy  it  mark  b,  on  the  produced  line  ;  and 
thusa  i>aral!eL  may  bc>  drawn  to  any  [)oint  under 
the  ruler,  as  well  as  if  it  were  above  it.  U  is  best 
to  keep  the  point  of  your  protracting  pin  in  (he 
last  point  in  the  extended  line,  till  you  lay  the  edge 
of  the  ruler  from  il  to  the  jiejct  slatiun,  or  you  luay 
mistake  one  point  for  another. 

This  may  also  be  performed  with  a  scale,  or  ru- 
ler, which  has  a  thin  8lo]x:d  edge,  called  u  tiduclal, 
edge  ;  and  a  line  pointed  pair  ol  compasses.    Thus, 

I^y  that  edge  on  the  points  A  and  C,   take  the 

distance  from  the  pnint  B  to  the  edge  of  the  scale, 

80 that  it  may  onlylouchit,  in  the  snme manner afl 

.you  take  the  perpendicular  of  a  triangle  ;  carry  that 

\  .distance  down  by  the  edge  of  the  ucaie  parallel 

L  to  it,  to  b  ;  and  there  describe  an  arc  on  the  point 

,  6  ;  and  if  it  just  touches  the  ruler's  edge,  the  pOiiit 

6  is  in  the  true  plitcc  of  the  e.xleuded  line,  l^ay  theo 

the  fiducial  edge  of  the  scale  from  A  to  A  and  take 

L  a  distance  from  C,  that  will  just  touch  the  edge  of 

[the  Scale;  oirry  that  distance  along  the  edge,  till 

the  point  which  was  iu  C,  cuts  Ihe  produced  line  in 

;  Keep  that  foot  'm<;  «nd  dcscril*  an  arc,  and  if 
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it  jtnt  touches  the  ruler's  oAge,  the  point  c  is  in  the 
true  ^ace  of  the  extended  line.  Druw  a  line  from 
c  to /'i  and  it  will  take  iii  and  leave  nut  equally  :  in 
like  manner  the  other  Bide  of  the  figure  may  be 
balanced  by  the  line  c  D. 

Let  the  point  of  your  comjxiasea  he  kept  to  the 
last  |)oint  ol  the  extended  line,  till  you  lay  ynur 
scjitefrom  it  to  thenext  station,  to  prevent  migtukea 
Iroiu  the  number  of  points. 

That  the  trianRlc  c  D  e,  is  equal  to  the  right-' 
lined  figure  ^BiDEFGH,  will  be  e'-ident  from 
probi(-r;R  18.  19- geom  for  thereby,  if  a  line  were 
dritwti  from  b  to  C,  it  will  give  and  take  equaltyi 
and  tlicu  the  figure  A  C  DF.  FG  H,  will  bee<iurfj 
to  the  map.  Thus  the  figure  is  te&^ned  by  o; 
side,  Jiud  by  the  next  balance  line  will  lesaen  it  l_ 
two,  and  so  on,  and  will  give  and  take  equally-  In 
the  sameoiauner  an  equality  will  arise  ou  the  other 
side. 

The  area  of  the  triangle  is  epdily  obLiined,  as  I 
fore,  and  thus  you  have  the  nrea  of  the  map. 

If  is  best  tn  extend  one  of  ttie  shortest  lines 
the  polygon,  because  if  a  very  long  line  bcprodno 
ed,  the  triangle  will  have  one  angle  vr ry  obtu«^ 
and  consequently  the  other  two  very  ncote  ;  itt 
whieh  case  it  will  not  be  easy  to  determine  exacllv 
the  length  of  the  longest  side,  or  the  points  when 
the  balancing  linescut  the  extended  one. 

This  melhnd  will  l)e  found  very  useful  and  rtfldy 
in  small  eiicIuHU[cs,as  well  as  very  exatil ;  it  may 
be  also  used  in  Itrgfl  oni  8,  but  great  care  most  be 
taken  of  the  points  on  the  extended  line,  whick 
will  be  crowded,  as  well  as  of  not  missing  a  Btatioo. 


1 
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PROB.  XVII. 

A  mafi  vnihiU  area  being giverij  and  its  scale  cmir.td  rs  6« 
*  either  drawn  or  mentioned  ;  to  find  the  saue. 


C 


'AST  up  the  map  by  any  scale  whatsoever,  atd 
it  will  be 

As  the  area  found 

Is  to  the  square  of  the  scale  by  wh:ch  you  cast  ap» 

:  The  given  area  of  the  map 
To  the  square  oC  the  scale  by  wLkh ;:  vaa  Laii 
down. 

The  square  root  of  wluck  wiU  give  the  acak. 

A  map  whose  area  is  IQRA.  SfiL  16P.  beiag 
given  ;  and  the  scale  omitted  to  be  tUbtf  diawa  or 
mentioned ;  to  lincl  the  scale. 

Suppose  this  map  was  cast  up  by  a  scJe  c:  20 
perches  to  an  inch,  and  the  content  there  Lv  pro- 
duced be  31A.  2R.  3iP. 


As  the  area  foind,  31A.  9R.  34P.»5074P. 
Is  to  the  square  of  the  scale  by  Mhich  it  was  cast 
upb  th^  is  to  90x30^400, 
:  The  given  area  of  the  map  12GA.  SR.  IGP. 
=^90996P. 

Taths  Bqnaie  of  the  scale  by  which  it  was  laid 
down. 

5074:   40O:  :  20296  :  1600  the  sqiairfe  of  the 
required  scale. 


Tojindthe  (^tart  ^  Ommd. 

Root. 
lfiOO{U> 
Ifi 

8(00 


Answer.    The  map  was  laid  down  by  a  scale  jl 
40  [jerches  to  an  inch. 

PROB.  XVIU. 


Bow  to  Jind  the  true  ronitnl  of  o  tarvey,  though  it  be  taken 
by  a  citain  that  it  too  long  or  too  short. 

Let  the  map  be  constructed  and  its  area  foand 
as  if  the  chain  were  of  the  true  length.  And  it 
will  be. 

As  the  square  of  the  true  chain 
Is  to  the  content  of  the  map, 
:  The  square  of  the  chain  you  surveyed  by 
To  the  true  content  of  the  map. 

Example. 

If  a  survey  be  taken  with  a  chain    which  is  i 
inches  too  long ;  or  with  one  whose   length  is  43* 
feel  Sinches,  and  the  map  thereof  be  found  to  con- 
tain 990A.  2K  20P.     Required  the  true  content. 

Ab  the  square  of  42F.  Olu.  =  the  square  of  504J 
inche8  =  '2540l6.  f 

Is  to  the  content  of  the  map  9^A.  IR.  <iOP.a  \ 
U7960P.  I 

:  :  The  square  of  42F,  3In.=tlie  square  of  50?! 
inchea= 257049.  ■ 

To  the  true  content. 
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MkTROD     of  DSTERMININa   THE  ArEAS  OF  AIGHT-LIM£» 

Figures  universally,   or  bt  calculation. 


DEFINITIONS- 


Pl.  9.  Jig,  7. 


*•  IVIeRIDIANS  are  north  and,  south  h'nes, 
which  are  supposed  to  pass  through  every  station  oi 
the  survey. 

2.  The  difference  of  latitude,  or  the  northing 
or  southing  of  any  stationary  line,  is  the  distance 
that  one  end  of  the  line  is  north  or  south  from  the 
other  end  ;  or  it  is  the  distance  which  is  intercepted 
on  the  meridian,  between  the  beginning  of  the 
stationary  line  and  a  perpendicular  drawn  from  the 
other  end  to  that  meridian.  Thus,  if  xV.  *S  l)e  a 
meridian  line  jmssing  through  the  points  of  the 
line  ABy  then  is  jif?  the  difference  of  latitude  or 
southing  of  that  line. 

3,  The  departure  of  any  stationary  line,  is  the 
nearest  distance  from  one  end  of  the  line  to  a  me- 
ridian passing  through  the  other  end.  Thus  B6\s 
the  departure  or  easting  of  the  line -^^-fl;  bu'  if 
CB\)Q  a  meridian, and  the  measure  of  the  station- 
ary' distance  be  taken  from  B  to  A  ;  then  is  BC 
the  diflerenceof  latitude,  or  northing,  and  ^Cthe 
departure  or  westing  of  the  line  BA, 


COMPUTATION  »t 


rs 


I 


4.  Tbat 

aomedmn  it  b  t  laert^mo  fmmm^  on  Me 
west  side  of  tbe  atMp,  at  tbe  iJHiaer  <4  tfce 
thereof,  fram  eAit  to  rtat,  MloC  bmm  d 


tbm^tbe&K 


5.  The  roen&B  ifiitMee  «f  aof  itMioB  m  tk> 

dntaoce  tin  n  \€  fmin  thi  ftirwiirmi  vkrtkrie- 
bpsappoaed  to  pMi  tbroo^  tke  fr«t  ittte&  gr  oa 
tfaeeastor  weatadfrof  tbcwifL 


THEO.  I. 

Ingvwywnwiy  1 

tbe  northings  wQi  be eqaal  to  tlut  of  tbe  UNtbii^ ; 
and  tbe  samat  tbe  castioga  eqarf  lo  Ih*  o<  tbe 
votiop. 

LttOt^^  c,«.^,f,A,repfe«eiit  aplot  nr^rodof 
UikI  Letflbe  tbellrst  tutioo,  itbe  ftec^d.c  the 
third,  •K'l;.  Let  A'V  be  a  merrdtaaliiie,  tbeo  Mill 
all  tines  [MUallel  Uiereti^  which  pus  tbrough  the 
sereraj  slatioos,  be  nwiSdiioi  obo;  n«9,6s,edt 
SCc.  and  tbe  lines  As,  (r«,  ilr,  SCc-  perpendicalor  to 
tbose,  will  be  theeasL  orweit  lines,  or  departures. 

The  norlhingft,  cj+g'«+*&y=«o  +  ii+r^+yr  the 
•outhini^;  for  Id  tbe  figure  be  oompleted;  then  it 
is    filain    tbat  go-¥luf^rk-=aQ-¥hi+cd,   and   « — 

I  rk=fr.  If  to  tbe  fonnerpart  of  this  first  equation 
tt — rk  be  added,  and/-  to  tbe  Utter,  tiien  go^M 
+e'i=yi./+.'ij+i  i/+/r  ;  tiiat  is,  tlie  ftum  of  the  Dorth- 

L  iogBM  equal  to  that  of  llio  aouOuogs. 

'  H  h 


I 


as*  co^fpUTA•^roN 

•  The  eastings  rs-k-ja-oh^de-^-if+rg+oh,  tlie  west- 
ings. For  a^+^/o(az  J  =de+tf+rg+oli,  anilio= 
cs — vo.  If  toihe  lormer  part  ol  this  first  equa- 
tion, cs — yd  be  added,  and  f>o  to  the  latier,  ilien  cs 
■t-a'/^ob+tte+ij^g+o/t ;  tbat  is,  the  sum  ol  the 
eastinga  is  equal  Lolliat  of  the  wcBliDgs. 


SCHOLIUM. 


.  i3.  K  i>.  J 

hether  tlmm 


This  theorem  is  of  use  to  prove  whether  the 
field-work  he  truly  taken,  or  not;  for  if  the  sura 
of  the  northings  lie  equal  to  that  of  the  southings, 
and  the  sum  of  the  eastings  Inthal  of  the  westings, 
the  lield-work  is  right,  otherwise  not. 


Since  the  proof  and  certainty  of  a  survey  de- 
lend  on  this  truth,  it  will  be  necessary  to  shew 
low  the  difference  of  Lititude  and  departure  for  any 

stationary  line,  whose  courseand  distance  are  given,. 

may  he  oblaineil  by  the  table,   usually  called' 

Traverse  Table.  ' 


I 


hi 


To  find  the  diference  of  Lalitnde  and  depai 
by  the  Traverse  Table. 


This  table  is  so  cnntvived,  that  by  finding  then 
in  the  given  course,  and  a  distance  not  exceeding 
190  miles,  chains,  perches,  or  feet,  the  difference  of 
latitude  and  deparlure  is  had  by  inspection :  tlie 
course  is  to  be  found  at  the  top  of  the  table  when 
under  43  degrees  ;  but  at  the  bottom  of  the  table 
when  above  45  degrees.  Each  column  signed  with 
a  course  consistsoftwoparts.onefor  the  diifercm 


W  a  course  con 


■M 


i<S»^ 
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of  latitude,  marked  Lat.  the  other  for  the  departure, 
marked  Dep.  which  names  are  both  at  the  top  and 
bottom  of  these  columns.  The  distance  is  to  be 
found  in  the  column  marked  Dist.  next  the  left  hand 
margin  ot  the  page. 

EXASIFLE. 

In  the  use  of  this  table,  a  few  observations  only 
are  necessary. 

1.  If  a  station  consist  of' any  number  of  even 
chains  or  perches  (v^hich  are  almost  the  only  mea- 
sures used  in  surveying)  the  latitude  and  departure 
are  found  at  sight  under  the  bearing  or  course,  if 
less  than  45  degrees ;  or  over  it  if  more,  and  in  A 
line  with  the  distance. 

Q.  If  a  station  consist  of  any  number  of  chains 
and  perches,  and  decimals  of  a  chain  or  perch,  un- 
der the  distance  10,  the  lat.  and  dep.  will  be  found 
as  above,  either  over  or  under  the  bearing ;  the 
decimal  point  or  separatrix  being  removed  one 
figure  to  the  left,  which  leaves  a  figure  to  the  right 
to  spare. 

If  the  distance  be  any  number  of  chains  or 
perches,  and  the  decimals  of  a  chain  or  perch,  the 
lat.  and  dep.  must  be  taken  out  at  two  or  more 
operations,  by  taking  out  the  lat  and  dep.  for  the 
chains  or  perches  in  the  first  place  ;  and  then  for 
the  decimal  parts. 

To  save  the  repeated  trouble  of  additions,  a  judi- 
cious surveyor  will  always  limit  his  stations  to 
whole  chains,  or  perches  and  lengths,  which  can 
commoDly  be  done  at  every  station,  save  the  last. 


m  COMPUTATION 

1.  In  order  to  iUuslnitethe  foregoing  observa- 
tioDS,  let  ua  8U|)pose  a  course  or  bearing,  to  be  S. 
35^.  Id '/T.  sod  tlie  distance  79  four-pole  chains. 
Under SS**.  iV.or  35Hegrees;  and  opposite  79, 
we  find  64.  5^  for  the  latitude,  and  45. 5y  the  de- 
parture, w^ichsifJIity  that  the  end  of  that  station 
diiler  io  latitude  from  the  beginning  64.  52  chaini 
and  in  departure  45.  59cluuiis. 

NoTB.  Weare  to  understand  the  same  tlungs 
the  distance  is  given  in  perches  or  any  other  mea- 
sures, t]ie  method  of  proceeding  being  exacdy  the 
sauie  io  every  case. 

.Agsiu,  let  the  bearing  be  541  degrees  And  du- 
tance  as  before ;  then  over  said  degrees  ue  Itjid  the 
same  numbers,  only  with  this  difierence,  that  ihe 
hit.  before  found,  will  now  bethedep.  and  the  dep, 
the  lal.  because  54?  is  the  cpinplement  of  3St  d< 
grees  to  90,  viz.  lat  45.  59.  dep  64.  53. 

9.  Supptse  the  same  course,  but  the  distanco- 
7cbainsS)0UnkB,  or  as  many  perches.  Here  wo 
Snd  the  same  numbers,  but  the  decimal  poiot  muat 
beronoved  one  figure  to  the  left. 

Thus,  under  S5i  and  io  a  line  mth  79  or  7.9 


i 


Lat   6.  45 
Dep.  4.  56 

the  £  io  the  dep.  bciog  increued  ti^  ],  because  the' , 
9>s  rejected  ;  but  over  54i  we  get 

Lat.  4.  58 
Dep.  6.  4* 
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S.  Let  the  come  be  as  bebxee^  but  the  diBtanoe 
7.79>  thep  oppoek^ 

%     1.10        Lat  6.  29>       Dep.  4.  43 
9  7  6 


7.  79  6.  36  4.  49, 


Or  opposite 

7.  00        Lat.  5.  73        Dep.  4.  OS 
.79  .64  .46 


7. 79  6.  36  4.  49 


THEO.  IL 


When  the  first  meridian  passes  through  the  map. 

If  the  eaai  meridian  dietanees  in  the  middle  ^  each  Hne  be 
naUtifiUed  into  the  fiarticular  aouthingj  and  the  west  meridian 
dhftances  into  the  ftarticuiar  northings  the  aum  of  the%t  pro^ 
dueti  mil  be  the  area  (f  the  map. 


Pl,  10.  Jig.  U 

Let  the  tgareabkm  be  amapi  the  ]ine8,  a6  Rk 
to  the  southward)  and  km  ma  to  the  northward* 
NS  the  first  meridian  Une  passing  thzough  the  first 
station  a. 

The  meridian  )   zd^aa  >       a^  )am 

Distaiioes east  $   tuxesf^fyjy  »sBnre»  j  ^^ 

The  meridian  \  ef^gx  \       .        \xp 

Distances  west) /I A x^^wj^^i  )^/ 


{ 


258  COAn»i;TATIO.V 

These  four  areas  am-HTv+vp-^gl  will  be  tlie 
area  of  the*liole  figure  cinSKiprlc,  which  is  equal 
lo  the  area  of  tlic  map  abhit.  C  oniplcte  the 
fignre.  '  • 

The  parallelogrjiraB  am  und  ow,  are  made  of  the 
east  meridian  diataoces </z  and  tu,  multiplied  into, 
the  sonthiugs  an  and  ui*.  The  jiHraUelngratns  .rp 
and  gl  are  composed  of  the  west  meridiau  dia- 
tances  tj  and  hli,  niuUJplied  iiilo  the  northings  zg 
and  ga  fmifj  but  these  four  par  llelogramft  are 
equal  to  the  area  of  the  map;  tor  if  from  them  be 
takeu  llie  four  triansies  market  Z,  and  in  the  i>lacc 
of  those  be  subsritiiled  Ihettmr  triangles  niarkud  Or 
which  are  equal  totbciormer;  then  it  is  plain  the 
area  of  the  map  will  be  equal  to  the  four  paraUelo* 
granis.     ^.  E.  D. 

TIIEO.  in. 

If  the  mtriiian  planer  whru  eaiiC,  ie  mtslUfitita  into  the 

southings,  Olid  iIk  meridian  ditilancr  la/ien  tvea!  br  muUifiUeU 
into  the  neriJiiogt,  the  tarn  tif  thtte  icts  by  the  meridian  di»- 
lanre  when  v/es!,  taidli/iUed  into  the  tauihii^x,ti  Ibe  arm  tjf 
the  aurvry. 

J-L.  10.  Jg.  2. 

Let  a 6c  he  iJie map. 

The  figure  being  completed,  the  rectangle  a/'  i$ 
made  of  the  meridian  distance  ty  when  east,  nmlti- 
plied  into  tlie  soutliing  an  ;  the  rectangle  wjf  is  made 
of  the  meridian  distance  .iw,  muitipiied  into  the 
northings  cz  or  i/a.  These  two  rectangles,  or 
paralltlograms,  of+i/k,  make  the  area  of  the  figure 
dfiii/ilult  from  which  taking  the  rectangle  oif,  made 
of  the  merldia.i  distance  tu  when  west,  in^o  the 
southings  ah  or  hm,  the  remainder  is  (he  aroK  i>f 
the  figure  c//fi/ji/f(^,  which  is  equal  to  the  area  of  the 
map. 
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Let  bou^Yf  ffr/h=Ltrt€=^OyWrc^Z=,akw::^ 
Ky  and  tfb^B,  ade^A.  I  say,  that  Y^Z+B^K+ 
L+A. 

r=L+0,  add  ^to  both,  then  F+Zm^L+O+Z; 
batZ+O^A\  put  AT  instead  o(Z+0;  then  1+^.= 
L+J^,  add  to  both  sides  the  equal  triangles  B  and 
Ay  then  r+Z-hB=^L+A^+A.  If  therefore  B+r+ 
Z  be  taken  from  ahcy  and  in  h"eu  thereof  we  put 
Ia-K-^-Aj  we  shall  have  the  figure  4/bAiX:^=^^,  but 
that  figure  is  made  up  of  the  meridian  distance 
when  east,  multiplied  into  the  southing,  and  the 
meridian  distance,  when  west,  multiphed  into  the 
northing  less  by  the  meridian  distance,  when  west, 
multiplied  into  the  southing.     Q.    E.    £). 

COROLLARY. 

Since  the  meridian  distance  (when  west)  multi- 
plied into  the  southing,  is  to  be  subtracted,  by  the 
same  reasoning  the  meridian  distance  when  east, 
multiplied  into  the  northing,  must  be  also  sub- 
tracted. 

SCHOLIUM, 

From  the  two  preceding  theorems  we  learn  how 
to  find  the  area  of  the  map,  when  the  first  meri- 
dian passes  through  it ;  that  is,  when  one  pajt  of 
the  map  lies  on  the  east  and  the  other  on  the  west 
side  of  that  meridian.     Thus, 

Rule. 

The  mend.  )  east  (  multiplied    (  southings  ) 
Dist.  when  \  west  (     into  the      \  northings  ) 
their  sum  is  the  area  of  the  map. 


COMPUTATION 


But, 


Tbe  morid  (  east  >  miilfiplied  (  northings  1 
Pist  when  (  weal  S    '"lothe    (  snothings  J 

t!ic-  'iiini  of  tliese  products  takea  from  the  former 

gives  the  area  of  tiie  mnp. 

These  IheiremB  are  true,  vehes  the  suireyor 
keeps  the  land  he  surveys,  nii  hisright  band,  which 
we  suppose  through  the  whole  to  lie  done  ;  but  if 
he  goes  theonlTury  way,  call  the  aouthingn  no  **  " 
in.^,  and  the  northings  southiDgs.  and  the  f 
rule  will  hold  good. 


General  RnUfor  Jbiding the  Mtr'^on  iistana 

1.  Themcridian  distance  and  departure,  both 
east,  or  both  west,  their  sum  is  the  meridian  disr 
tanceof  the  samennme. 

1.  The  meridian  dintano*  and  departure  of  c 
ferent  names ;  that  is,  one  east  and  the  other  wcBt,"'' 
th'>ir  difference  is  the  meridian  distance  of  the  same 
name  with  the  greater. 

Thus  in  the  first  method  of  finding  the  area, 
in  the  following  (ieM-book. 

The  first  departure  is  put  opposite  the  north- 
in?  or  Ronthing  "f  the  first  station,  and  is  the  fimt 
meridian  distance  of  the  same  name.  Thus  if  the 
first  deiiarlure  beeas'.  the  first  meridinii  distance 
will  be  the  same  as  the  depBrliKe,  ani 
au(i  if  west,  it  will  be  the  game  way. 


me 

i 
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The  first  meridian  distance  6.6l  E. 

The  next  departure  6.61  E. 

The  second  meridian  distance  13.33  E. 

The  next  departure  1 .80  E. 

The  third  meridian  distance  15.03  E. 


At  station  5,  the  meridian  distance     5.78  E. 
The  next  departure  776  W. 

The  next  meridian  distance  1.98  W. 


At  station  11,  the  meridian  distance  0.12  W. 
The  next  departure  5.84  E. 


The  next  meridian  distance  5.73  E. 


Pl.   10.  Jig,  3. 

In  the  5th  and  11th  stations,  the  meridian  dis 
tance  being  less  than  the  departures,  and  of  a  con- 
trary name,  the  map  will  cross  the  first  meridian, 
and  will  |)a8s  as  in  the  5th  line,  from  the  east  to 
the  west  hoe  of  the  meridian  ;  and  in  the  1 1th 
line  it  will  a^in  cross  from  the  east  to  the  west 
side,  which  will  evidently  appear,  if  the  field-work 
be  protracted,  and  the  meridian  line  passing  through 
the  first  station,  be  drawn  through  the  map. 

The  field-book  cast  up  by  the  first  method,  will 
be  e\ident  from  the  two  foregoing  theorems,  and 
therefore  requires  no  further  explanation  ;  but  t^ 
find  the  area,  by  the  seccmd  njetkod^  take  thi«: 

li 


343  COMPUTATION 

Ruu. 

When  the  meridian  distances  are  east,  put  the 
products  of  north  and  south  areas  in  their  proper 
columns ;  but  when  west,  in  their  contrary  columns ; 
that  is,  in  the  column  of  south  area,  when  the  dif- 
ference of  latitude  is  north ;  and  in  north  when 
south  :  the  reason  of  which  is  plain,  from  the  two 
last  th^rems.  The  difference  of  these  two  columns 
will  be  the  area  of  the  map. 
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Draw  the  line  NS  for  b  nortli  and  south  line, 
which  call  the  first  meriiiiaii;  iu  ttits  line  assume 
any  [)oia(,  as  I,  for  the  first  statiOD-  Set  the  nor- 
thiog  of  that  stationary  Iiuc>  which  is  3^-i,  from 

1  to  2,  on  the  said  meridian  line.  Upon  the  point 
3  raise  a  perpendicular  to  the  eastwan!,  the  meridian 
distance  being  easterly,  and  upon  it  act  13.^  the 
second  number  in  the  column  of  meridian  distance 
from  9  to  S,  and  draw  the  line  I  %  for  the  first  dis- 
tance line  :  from  2  upon  the  first  meridian,  set  the 
northing  of  the  second  stationary  line,  that  is,  9.65 
to  S,  and  on  the  point  5  erect  a  perpendicular  east- 
ward, upon  which  let  the  meridian  distance  of  the 
second  station  16-82.  from  3too,  unddraw  tlie  tine 

2  3,  for  the  distance  line  of  the  second  station.  And 
since  the  third  station  has  neither  northing  nor 
southing,  set  the  meridian  distance  of  it  33.02, 
from  3 to  4  for  the  distance  line  of  the  third  sta- 
tion. To  the  fourth  station  there  is  99.44,  south- 
ing, which  set  from  3  to  5  ;  upon  the  point  5,  erect 
the  perpendicular  5  5  ;  on  which  lay  13.54^  and 
draw  the  line  4  to  5. 


I 


In  the  like  manner  proceed  to  set  the  northings 
and  southings  on  the  first  meridian,  and  the  meri- 
dian distances  upon  the  perpendicular  raised  to 
the  east  or  west;  the  extremities  of  which  connect- 
ed by  right  linesy  will  complete  the  map. 


i 


COMPUTATION 


A  Specimen  of  the  Pennsiihtaritt  Hf^'hoi  i 
CALCVLA  r/O.Vj  K/iic/i,  for  its  Smptidtif  m 
Eascinjtnding  the  Meridian  Distances,  is  sup 
posed  to  be  preferable  in  Practice  lo  any  'rittn( 
heretojore published  oh  Che  Subject. 


_'  IND  in  the  firat  p]sux,by  the  TraverrtTalil* 
tbe  \u,U  and  dep.  for  ttie  several  courses  and  di 
Uoces,  as  already  taught;   and  iJ  Lbe  survey  I 
truly  taken,  the  sums  of  the  nortlungs  and  sout1|4_ 
iag%  wilt  be  equal,  and  also  those  oC  the  easUngs 
and  westings.    Theu  id  lbe  next  place,   fuid  the 
meridUn  distaQces,  by  choosing  such  a  plac^e  id  Ike 
column  of  eastings  or  westings,  as  will  admit  of  aj 
continual  addiiion  of  one,  and  suKtractioo  of  thi 
other ;  by  which  means  we  avoid  the  incoowuicnoi 
of  changing  tlie  deuomitiatiouof  either  of  the  dfe 
partures. 

The  learner  must  not  ejcpect  that  in  re-il  prac-l 
tJce   the  columns  of  lat.  and  those  of  de|).   wUT 
exactly  balance  when  they  are  at  first  addi^l  ua 
for  little  inaccurades  wiH  arise,  both  froHi  the  n\y 
servations   taken    in  the  field,  and  in  cbiiining^ 
which  to  adjust,  previous  to  finding  the  meridiaj 
distances,  we  may  obseirc,  That  if,  iu    snwU  sui 
veys,  the  diflerence   amount  to  two  tenths  of* 
perch  for  every  station,  there  must  have  been  som^ 
•rror  committed  in  tjie  field ;  and  liic  best  w^  in 
thia  case,  will  be  to  rectify  it  on  the  ground  by  i 
rfrfiurvey,  or  at  least  as  much  as  will  discover  tii 
error.    But  when  the  difTerenoes  are  within  those" 
limits,  the  work  may  be  balanced  in  the  following 
manner:  on  a  slate,  or  separate  piece  of  paper) 
find  tbe  lat.  and  dep,  to  each  course  and  distance.  • 
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M  in  the  following  example,  olieerving  to  odd  aa 
half  nf  tbediftrcncea  to  the  Dambcrs  in  tbe  lesser 
tiolumn,  iiiid  U).siibtrnct  it  from  those  of  tlic  greator* 
in  such  niaoner,  as  iliat  the  numbers  may  be  alter- 
e<i  nearly  iu  proportion  to  their  coTTCSpondilig  dis- 
tances' 
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The  Utihidcfland  departures  being  thus  balanet 
jjrocecd  to  insert  the  meridian  dislauces  by  ihe  abl 
iBcthod,  where  nc  still  make  nse  ol"  the  same  C 
notes, only  changing  chains  and  links  into  [lert 
■nd  (entJisof  n  pprch.  Then  by  looking  along  th| 
column  of  J  ]  jsy   to  observe,  that  11 

thecdnniii:  ; '"site  station  9,  all    th 

castings  nj.r.  ',    iif   westings  BobtractJ 

cd  without  luLeiiTi^  MIL-  ilenoininalion  of  eilhoij 
Therefore  Inr  placing 'H».i»,  (lie  cast  departure 
longing  to  this  slatioo  in  the  colnmn  of  meridii^ 
distances,  and  |)rocecding  to  add  the  eastings 
snbtracl  the  westings,  according  to  the  rule  alrt 
mentioned)  «'e  shall  find  thai  at  slulion  8,  ihcse  d 
tanccB  will  end  in  o,  o,  or  a  cypher,  if  the  additioi 
and  Bu^actions  be  rightly  made.  Then  multiply 
ing  Ihe  upper  meridian  distance  of  eacii  station  M 
its  respective  northing  or  flouthing,  the  produJ 
will  give  the  north  orsoath  area,  as  in  the  exaia 
pies  already  insisted  on.  and  which  is  fully  exompH 
fied  in  the  annexed  specimen.  When  these  prq 
ducts  arc  all  made  oui,  and  placed  in  (heir  re8))e< 
tive  columns,  :bcir  difference  will  give  double  iU 
areaof  the  plot.or  twice  the  number  of  acrcit  co« 
tained  in  the  survey.  Divide  this  remainder  by  { 
and  the  quotient  thence  arising  by  IdO  (the  npra 
ber  of  jwrch'cs  in  an  acre)  then  will  this  last  qua 
tientexhibit  the  number  of  acres  and  perches  con 
taioed  in  the  whole  survey ;  which  in  thia  exnmpr 
may  be  called  110  acres,  J03  pr-i-rlif.-.  nr  I  lOa.i 
3  guarters,  ^  perches. 
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^I£LI3-MX)TES,  of  the  two  forrgoin,:^  Methods^  as  Practised  in  Penn- 

nylfuniu. 

Cast  up  by  perclies  and  tenths  of  a  perch. 
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aBCTIOK.    IV. 

OF  OFF-SETS. 


J[  N  taking  snrveys  it  is  unnecessary  and  unm 
to  make  a  station  at  every  angukr  point,  becau* 
the  field-work  can  be  taken  with  raucb  greater 
p'-dition,  by  using  olT-scte  and  intersectioilfi  4 
with  equal  certainty  ;  especially  where  credti^;] 
bound  the  survey. 

l'Off'«9et8  .are  perpendicular  lines  drawn  or 
ured  frmn  the  angular  point?  of  rhe  land,  tint 

on  the  right  or  left  hand  to  the  statioiuir;  dial 

thus, 


i 


fi.u.ysg.^. 


tatJJt, 

I 

utioo^ 


Let  the  black  Unca  represent  the  houndaTic 
«  farm  or  townahip :  and  let  I  be  the  lirat  stutioo  ^ 
then  if  you  hnve  a  good  view  to  %  ontit  the  oiigu- 
Ur  points  between  1  and  2,  and  take  Ihe  l*aring 
and  length  of  the  stationary  line  I,  2,  and  insert 
them  in  your  field-lxiok  :  but  in  chaining  from  1  to 
Q,  stop  at  (/ opposite  the  angular  point  a,  and  in 
your  field-book  insert  the  distance  from  I  to  d, 
which  admit  to  be  4C,  SdL.  as  ivell  as  the  measure 
of  the  ofT-sel  arf,  which  admit  to  be  IC.  IQL-thua: 
by  the  side  of  your  lield-book  in  a  line  with  the 
first  station,  say  at  4C.  25L.  L.  IC.  I'iL.  that  is, 
at 'IC.  25L.  there  is  an  off-set  to  the  left  band, 4 

IC.  im^  ^- 
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This  done,  proceed  on  yoar  distance  line  to  e 
opposite  to  the  angle  6,  and  measure  eb,  supposing 
then  1  f  to  be  7C.  iOL.  and  ed  3C.  40L.  say  (still 
.  a  line  with  the  first  station  in  your  iield^uok) 
7C:.  40L.  L.  3C".  iOL."  that  is.  at  7C.  40L. 
ere  is  an  off-set  to  the  left  of  3C.  M)L..  proceed 
then  with  your  distance  line  to  /  opposite  to  the 
"e  c,  and  measure  Jc  ;  suppose  then  1  y*  to  be 
I3C.  and^  IC.  '25 L.  say  in  tlie  same  line  as  before^ 
at  I3C.  L.  IC.  35L.  Then  proceed  from  /  to  3, 
and  you  will  baxe  the  raeftsure  of  the  entire  station- 
ary line  1,  %  which  insert  in  its  pro[)er  column  by 
the  hearing. 

In  taking  otT-sets,  it  is  necessary  to  have  a  perch 
chain,  or  a  stall"  of  haif  a  perch,  divided  into  links 
for  measuring  tiiera  ;  lor  by  these  means  the  chain 
in  the  stationary  line  is  undisturbed,  ^ad  the  num- 
ber of  chaias  and  links  in  that  line  from  whence, 
or  to  whicb,  the  olT-sets  are  taken,  may  be  readily 
known. 

Having  arrived  at  the  second  station,  if  you  find 
your  view  will  cariy  you  to  3,  take  ttie  bearing 
from  3  to  3,  and  in  measuriag  the  distance  line, 
stopat /opposite^  V  admit  3/ to  be-iC  IOL.  and 
the  off-set /y  IC.  20Z..  then  in  a  line  with  the  se- 
cond station  in  your  field-book,  say  at  4C.  IOL.  R. 
iC.  QOL.  that  is,  the  off-set  is  a  rigitl  hand  one  of 
IC.20L.  Again  at  m,  which  suppose  to  be  iOC. 
3oL.from3;  take  the  ofTset  m/i  of  IC,  I5L.  and 
in  a  line  tvith  the  second  station,  say  at  lOC^  '25L. 
R.  IC.  I5L.  In  the  same  line  when  you  conie  to 
the  boundary  at  /',  insert  the  distance  '2/,  13C.  IOL. 
thus,  at  13C.  IOL.  0  ;  that  is,  at  13C.  loL.  there  is  _ 
no  off-set.  At  n,  which  is  I5C.  from  2,  take  the  off-^ 
•et  nA45L.  and  still  o{^ositc  to  the  secoud  sialic 
f  at  I5C".  h.  45.  L. 


2o2 
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Let  the  line,  3,6,  rrprcseiit  llie  Ijounduty,  whicj"- 
by  means  nl  watpr,  liners,  or  any  other  imjietfi- 
Lijoient  cannot  lierneasuved.  In  tins  case  make  one 
femoreataliniis  within  or  vvithrmt  tbe  lam!,  wh«re 
!  distances  iii;iy  be  measured,  and  drawaJiiie 
from  the  beginning  of  the  firsl  tothe  end  of  the 
last  distance,  thu3  ;  make  stations  at  3,  -i,  nnd  5, 
tiiking  the  bearings,  and  measuring  the  (iistanct* 
as  usual,  which  insert  in  your  lield-lmokl  add  draw 
a  mark  like  one  side  of  a  jtarentiiesis.  from  tbe  IhirJ 
to  the  lifih  Btation,  to  shew  thai  a  line  drawn  from 
the  thiftt.stalion  to  the  farthest  end  of  the  littlisj^ 
tionaryline  will  express  the  boundary.     Thus, . 

No.  SU.  Deg.  Ch.  L. 

[3         I72i  5.45 

i         900  13.25 

4         250  3.3G 


Suppose  the  point/)  of  the  boundary  to  be  i 
cessibie,  by  means  of  the  lints  6/  or  p7,  T 
overflowed,  or  that  of  a  quarry,  furze,  &c.  might  ^ 
prevent  your  taking  their  lengths:  in  this  case 
take  the  bearing  of  the  line  (i,  7,  which  insert  op- 
posite to  the  sixth  slalinn  in  your  field-book  with 
the  other  bearing  ;  then  direct  the  index  to  the 
point/),  and  insert  its  hearings  on  the  left  side  of 
the  field-book,  opposite  to  the  sixth  station,  annex- 
ing thereto  the  words,  fitf./r /lomtdary  ;  and  hav- 
ing measured  and  Inserted  the  distance  6,  7,  set  tbe 
index  in  the  direction  of  the  line  7fi,  and  insert ,; 
bearing  on  the  left  of  the  seventh  station  of  ( 
field  hook,  annexing  thereto  tlie  words  Int.4 
b-untiary  :  (he  crossing  or  intersection  of  tbesdr 
bearings  will  determine  the  point  p,  and  of  < 
the  boundary  fip7  is  also  determined. 

If  your  view  will  then  reach  iu  thefU"3t  staS 
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take  its  bearing,  stationary  line,  and  offsets,  as  be- 
fore, and  you  luive  the  field-book  completed.    Thus, 

The  Field-Book, 


JRemarkband  intersect.  L  * 


318  Int.  to  a  tower 


231  lint,  to  ditto 


¥ 


1555  ^^*'  for  bound. 
274  Int.  for  ditto. 


[ 


Deg. 
158 


297| 


C.  L. 


22.12 


22.12 


OFF-SETS. 

At   4C.    2  L.  L.   10. 

IJL  at  7C  40L.  L. 
30.  40L.  at  13C.  L. 
10.  :J6L. 


3 

4 
5 
6 
7 


172^ 
200 
250 
125 

1051 

4 


At  40.  lOL.  II.  10. 
20L.  It  100.  25L. 
U  10.  51L.  at  130. 
lOL.  0.  at  150.  L. 
4JL.. 


5.45 

13.25 

3.36 

15.15 

15.10 


At  10.  20L.  L.  20. 
20L.  at  70.  45L. 
L.  20.  32L.  at  110. 
25L.  o.  at  120.  25L. 
It.  36L. 


I 


I 

(ylosc  at  the  first  station. 

If  you  would  lay  down  a  tower,  house,  or  any 
other  remarkable  object  in  its  proper  place ;  from 
any  two  stations  take  bearings  to  the  object,  and 
their  intersection  will  determine  the  place  where 
you  are  to  insert  it,  in  the  manner  that  the  tower 
is  set  out  in  the  figure,  from  the  intersection  taken 
at  the  first  and  second  stations  of  the  above  field- 
book. 

A  protraction  of  this  will  render  all  plain,  on 
which  lay  oflT  all  your  off-sets  and  intersections,  and 
proceed  to  find  the  content  by  any  of  the  methods 
in  section  the  4th. 


SS4 
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The  foregoing  field-book  may  be  otherwise  kept 9 

thu$f 


Remarks  and  intereectioii.jg? 


318  Inttoatower 


233}  Intibrdiuo. 


1 554-  Int.  for  bouTMl. 


274  In.  for  boundary. 


1 


[ 


Dcg 


358 


L.han 
OflFset 
ChX. 


1.13 

3.40 
1.25 


39  7| 


3 

'4  1200 
5   '250 
125 


105 


0.45 


4.25 

7.40 
13.00 
22.12 


4.10 

10.25 
13.10 
15.00 
21.21 


ir2{ 


2.20 
2.32 


5.45 
13.25 

3.36 
15.15 


1.20 

r.45 

11.25 

12.25 

15.10 


1.20 
1.15 


0.36 


J 


How  to  cast  up  offsets  hi)  the  pen, 

Pl,  11.^5".  2. 

1,  G— l/=Q/'_ie=/i>,  \c—\d^cd. 

Then  \d^  yda^Xda,  by  prob  6,  pa,Q:e  183,   and 
ieix  da-^fc^bejcy  and  2/   x  ifc^cfd;  the  sum 


OF  OFF-SETS. 

of  all  which  wnll  be  Ia6r-91 ;  t lie  area  containi 
between  the  statioasry  line  I,  3>  aud  tlie  boiu 
ary,  1  adc  Q. 


In  the  same  manner  you  may  find  tlie  area  < 
9uhg%  of  ikS\,  as  well  as  what  is  without  and  witb 
inside  of  the  stationary  line  7,  1. 

If  therefore  the  left  bud  off-sets  exceed  the 
right  hand  ones,  it  is  jiliJn,  the  excen«  must  be 
added  to  the  area  within  the  stationary  Unes.  but 
if  the  right  hand  off-aels  exceed  the  left  Iiand  ones, 
the  difference  must  be  deducted  from  the  said  urea  ; 
if  the  ground  be  kept  on  the  right  hand  aa  we  have 
aU  nkulg  supposed ;  or  in  words  thus ; 


To  find  the  comenls  of  offsets. 


i.  From  the  distance  line,  take  the  distance  to 
the  preceding  off-set,  and  from  that  the  distance  of 
the  one  preceding  it(  he.  in  four-pole  chains;  so 
will  you  have  the  respective  distances  from  ofl'-set 
to  off-set,  but  in  a  retrogade  order. 

2.  Multiply  the  last  of  these  remainders  by  i 
the  first  off-set,  the  next  by  \  tlie  sum  of  the  first 
and  second,  the  next  by  half  the  sum  of  the  se- 
cond and  third,  the  next  by  half  the  sum  of  the 
third  and  fourth,  8(c.  The  sum  of  these  will  bO' 
the  area  produced  by  the  off-seta. 

Thus,  in  the  foregoing  field-book,  the  first  sta- 
tionary line  is  "^'X'.  1'2L..  or  1 IC.  l^L.  of  fou{ 
pole-chains.     See  the  figure. 


\ 


A 


esc                  OF  OFF-SETS. 

'^^M 

Ct.  L.              Ch.'L. 
From  11.19=1,2        (>50«1/ 
Take    6.50=1/         3.90=Ic 

Ch.  L. 

3.90=  If 
2.25=  W 

-'f 


1.65=.erf 


l<(=9,o.5x39L.  half  the  first  oir-«et=  .7800 

'■e«(=I.65XlC.2()L.i  the  sum  of  ihe  Inland  2d  9.0790 
'  '  =9.6t)x  IC.  39L.  i  the  sum  of  9J  and  3d=S.4390 
=4,6'"X37L.  half'the  last  ofTsets  1.7094. 

doiitent  of  left  otT-seta  on  the  first  diat.        

\  i  '".  square  four-pole  chains  7.9404- 

M  In  like  manner  the  rest  are  performed. 
iThe  sum  of  the  left  hand  off-sets  will  be 
jid  the  sum  of  the  right  hand  ones 


I4.0856j-:-i 
3.S82S     i'  ; 


% 


of  l(ft  hud  cfffeti  ill  aqii.  4  i»le  C.  la40S) 
Acres  IMOSl 

.16134 
4 

Perches       6.4496 


Excess  of  left  hand  oif-sets  above  the  right  hand 
ones,  1  A.  OR.  6P.  to  be  added  to  the  area  within 
the  stationary  lines. 
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SECTION  V. 


ThJSnd  the  area  qf  a  fuece  of  Ground  by  intersections  only, 
when  ail  the  angles  ^f  the  field  can  he  seen  from  any  two  Sta- 
tions on  the  otaside  qf  the  ground. 


Pl.  \2.fig.\. 

JLiET  ABCDEFG  be  a  field,  H  and  /  two 
places  on  the  outside  of  it»  from  whence  an  ob- 
ject at  every  angle  of  the  field  may  be  seen. 

Take  the  bearing  and  distance  between  //and 
/,  set  that  at  the  head  of  your  field-book,  as  in 
the  annexed  one.    Fix  your  instrument  at  H^  from 
whence  take  the  bearings  of  the  several  angular 
points  Ai  By  C,  /),  &c.  as  they  are  here  represent- 
ed by  the  lines  HAy  HB,  HC,  HD,  &c.     Again 
fix  your  instrument  at  /,  and  take  bearings^  to  the 
same  angular  points,  represented  by  the  lines  /if, 
IBy  IC9  iDj  &c.  and  let  the  first  bearings  be  en* 
tered  in  the  second  column,  and  the  second  bear- 
ing in  the  third  column,  of  your  field-book;  then 
it  IS  plain  that  the  points  of '  interBection,  made 
from  the  bearings  in  the  second  and  third  columns 
of  every  line,   will  be  the  angular  points  of  the 
fit.'ld,  or  the  points  Ay  By  C,  />,  &c.  which  points 
being  joined  by  right  lines,  will   give   the  plan 
ABCDEFGHA  required. 

LI 
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Bv  ar.  180  Dis.  ?8C.  of  the  Sta.  H  and  I, 


No. 

Bear. 

Bear. 
33li 

A 

26  J* 

B 

2651 

sm 

C 

248 

307i 

D 

238' 

289 

E 

215i 

262i 

F 

268i 

286^ 

G 

920 

300 

The  same  may  be  done  from  any  two  stations 
within -side  of  the  land,  from  whence  all  the  angles 
of  the  field  can  be  seen. 

This  method  will  be  found  useful  in  case  the 
stationary  distances  from  any  cause  prove  inaccessi- 
ble, or  should  it  be  required  to  be  done  by  one  par- 
ty, when  the  other  in  whose  possession  it  is>  refuses 
to  admit  you  to  go  on  the  land. 


Tojind  the  content  of  afield  by  calculatioyi^  which  was   taktri 

by  intersection. 

In  the  triangle  A  Iffy  the  angles  jiflly  ATHy 
and  the  base  ///being known,  the  perpendicular 
Auy  and  the  segments  of  the  base  Ha^  AI  may  be 
obtained  by  trigonometry :  and  in  the  same  man- 
ner all  the  other  perpendiculars  Bby  Cc,  D(U  Eey 
Ffy  G^y  and  theseveral  segments  at  by  r,rf,  e,/*,  and 
g  :  if  therefore  the  several  perpendiculars  be  sup- 
posed tol)e  drawn  into  the  scheme  (which  are  here 
omitted  to  prevent  confusion  arising  from  a 
multiplicity  of  lines)  it  is  plain  that  if  from 
hBCDEehy  there  be  taken  hBAGFeby  the  remaind- 
,-r  will  |je  the  map  ABCDEFGA, 
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As  before  half  the  sum  of  Bb^  and  Cc  multi- 
plied by  bc^  will  be  the  area  of  the  trapezium  bBCc; 
after  the  same  manner,  half  the  sum  of  Cc^  and 
2)rf,  multiplied  by  re/,  will  give  the  area  of  the  tra- 
pezium cCDd  ;  and  again,  half  the  sum  of  Dd^  and 
Ee  multiplied  by  de^  gives  the  area  of  the  tra- 
pezium dDEe  ;  and  the  sum  of  these  three  trapezia 
will  be  the  area  of  the  figure  bBCDeb. 

Again,  in  the  same  manner,  half  the  sum  of  Bb 
and  A  a  multiplied  by  ah^  will  give  the  area  of  the 
trapezium  BbAa  ;  and  half  the  sum  of  aA^  and 
gG^  by  ag^  gives  the  trapezium  aAGg  ;  to  these 
add  the  trapezia  gGFf,  and  fFEe,  which  are  found 
in  the  like  manner,  and  you  will  have  the  figure 
bBAGFEtby  and  this  taken  from  bBCDeb,  will 
leave  the  map  ABCDEFGA.    2.  E.  F. 

It  will  be  suflicient  to  protract  this  kind  of  work, 
and  from  the  map  to  determine  the  area  as  wtll 
as  in  plate  10.  fig.  3.  to  find  the  areas  of  the  pieces, 
3,  4, 5,  6, 3,  and  6,  7,  7,  6,  from  geometrical  con- 
structions. 


Ilovf  to  determine  the  station  where  a  fault  has  been  com* 
?tntted  in  ajield  booky  without  the  trouble  of  j^oing  round  Nic 
Kvhole  ground  a  second  time. 

From  every  foiu-th  or  fifth  station,  if.  they  be  not 
very  long  ones,  or  oftener  if  they  are,  let  an  inter- 
section be  taken  to  any  object,  as  to  any  particular 
part  of  a  castle,  house,  or  cock  of  hay,  &c.  or  if  all 
these  be  wanting,  to  a  long  staff  with  a  white  sheet 
or  napkin  set  thereon,  to  render  the  object  more 
conspicuous,  and  let  this  be  placed  on  the  summit 
*^f  the  land,  and  let  the  respective  intersectiors  so 


I 

I 


taken  be  inserted  on  the  left  hand  side  of  (he  field- 
book,  opposite  to  the  stations  from  whence  they 
were  respectively  takt-o. 

Ill  your  protraction  as  you  proceed,  let  eveiy  in- 
tersection be  laid  off  from  tlie  respective  stations 
frtMn  whence  they  were  taken,  and  letthese  lines 
be  continued;  if  they  all  converge  or  meet  in  one 
point,  M'e  thence  conclude  all  is  right,  or  so  far  as 
they  do  converge;  but  if  we  find  a  line  of  inter- 
section to  diverge  or  fly  off  from  the  rest ;  wc  may 
be  sure  that  cither  a  mistake  has  happened  between 
the  station  tlie  foregoing  intersection  was  taken 
at,  and  the  station  from  whence  the  intersection 
line  diverges,  or  there  must  be  an  error  in  tlie 
intersection  ;  but  to  be  assured  in  which  of  these 
the  fault  is,  protract  on  to  the  next  intersection* 
and  having  set  it  off,  if  it  converges  with  the  rest, 
though  the  foregoinghne  did  not,  we  may  conclude 
the  fault  was  committed  in  taking  the  last  inter- 
section but  one,  and  none  in  any  station,  and  that 
80  far  is  true  as  is  protrncted  ;  but  if  this  as  well  as 
the  foregoing  intersection  diverge  or  fly  from  the 
point  of  concourse  or  converging  ixiinl  of  the  rest, 
the  error  must  have  ils  rise  from  some  station  or 
stations,  at  or  after  that,  from  whence  the  last  con- 
verging intersection  line  was  tjiken :  so  that  by  go- 
ing to  that  station  on  tlie  ground,  and  proceeding  oa 
tolbat  where  the  next,  or  from  whence  the  follow- 
ing diverging  intersection  was  taken,  we  can  readi- 
ly and  with  little  trouble  eel  all  to  rights. 

But  in  most  tracts  of  land,  one  object  onnot 
be  Keen  from  every  station,  or  from  perliaps  one 
fourth  of  them;  in  this  case  we  are  under  the  ne-  , 
C"  wiity  to  move  the  nole  after  we  begin   to  loac 
pioh'lof  it,  to  some  otner  part  of  the  Und,  where 
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itianybeseen  from  as  many  more  staiions  as  po9- 
'bli  ;  which  is  easily  done  hy  viewing  tlic  Iiouoib- 
/  before  it  Ite  surveyed  :  the  pole  then  being  OxeJ 
nai advantageous  place,  the  first  intersection  to  it 
t  best  to  be  made  from  the  same  station  from 
»'heiKfi  the  last  one  was  taken,  and  then  as  often 
as  mar  bethought  convenient,  ns  before  ;  in  like 
raaanir  the  whole  may  be  done  by  the  removal  of 
tbe  pote. 

Whm  we  here  apeakof  stations, we  do  not  mean 
TOch  HI  are  usually  taken  atovery  particular  angle 
of  the  field  :  (or  it  is  lo  f>e  apprehended,  that  every 
stilful  turveyor.  larticularly  such  who  use  caictt- 
latiun,  vill  take  f  he  longest  distances  poa&iUe,  not 
only  tolesaen  the  number  of  stations,  for  the  ente 
of  eithfl"  protraction  orcslculntion.  bwt  with  greater 
certaiity  to  account  for  the  Jand  passed  by,  on 
the  rght  band  or  on  the  left,  whicli  is  taken  by 
olV-acs  :  andsurely  it  will  be  allowed  that  any  raea* 
sure  tken  on  th'e  groundj  and  the  content  thence 
arithneticjilly  computed,  will  he  much  more  accu- 
ntetbin  that  which  is  obtained  from  any  geome- 
trical irojecticn. 

Frcn  what  has  been  said  it  is  )ilaiu,  that  from 
tUs  mthod  any  fault  committed  in  a  survey  can 
bereaaly  determined,  and  thcrofrTC  must  be  mucb 
,prcfer.ble  to  the  present  method  of  laking  diago- 
nals, c  the  bearings  and  lengths  of  lines  across 
land,  t>  accomplish  that  end  ;  which  last  methot! 
is  loo  rctj^ently  used  by  surveyors  to  approximate 
or  arrie  near  the  content,  which  will  ever  remain 
uncertio,  let  Ihese  diagonals  be  ever  go  many. 
till  tb"  station  or  statinn*  wliervin  the  error  or 
errora  Were  committed,  be  found:  and  the  fault 
orfauli  be  corrected. 


lU. 
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Where  one  diagonal  ia  taken,  it  may  perhaps 
clow  or  mept  with  one  part  of  the  survey  and  not 
with  the  olher  ;  in  thiscjiso,  if  the  surveyor  wHild 
discover  his  error,  he  niusi  survey  tliat  [lart  of  the 
land  which  'lid  not  close,  and  this  may  he  lialf  or 
more,  of  the  whole.  And  should  ihe  diigoa 
close  with  neither  piirt,  but  be  too  long,  or  toe  slir 
or  should  ii  failon  eitlier  aideof  the  assignet!  jKjJn 
it  was  to  close  w'tlh,  he  ouglittogo  over  thewholej 
and  make  anew  survey  of  it  in  order  to  ciacovei 
his  error. 

A  number  of  diagonals  are  frequently  ta^en.  the 
Sinn  of  the  lengths  of  which  very  often  excrt^ds  Ibe 
circuit  of  the  ground,  and  alter  all  they  art  but  ap- 
proximations; and  the  content  remains  uuctrtain  a  " 
before  ;  therefore  he  who  returnsa  map,  iiAde  u 
by  the  as9ist;inGe  of  dragouiits,  where  there  Riuain 
a  misclosure  in  any  one  prt,  runs  the  riique 
being  delected  in  an  error,  and  must  suffer  inn 
ness  in  his  mind,  as  he  caunot  be  certain  of  he  r< 
turn  he  makes. 

The  frequent  miacIoBurcs  whicli  arc  botcled  u^ 
by  diagonals,  occasionthc  many  and  frec^ueti  6 
dalous  broils  and  animosities  between  sure) 
which  tend  to  the  loss  of  character  of  the  oniorthdN 
other,  and  indeed  often  to  the  disrepute  o  1 
as  wellas  to  that  of  the  science  they  profeK 

But  these  may  be  easily  remedied  by  iitcreec'l 
tious,  and  the  Iwaringor  line  to  be  adjuitedwher©/] 
the  fault  waR  committed,  and  till  tliis  be  found,  j 
nothing  can  be  certain. 
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To    ENLARGE   OR   DIMINISH   MAPS. 


To  enlarge  or  diminish  a  tnafij  or  to  reduce  a  mafi  from  one 
Hcole  to  another  ;  also  the  jnanner  of  uniting  sefiarate  mafia 
of  lands  which  join  each  other^  into  one  Mafi  <f  any  assigned 
size. 


L 


|AY  the  map  you  would  enlarge,  over  the 
paper  on  which  you  would  enlarge  it,  and  with  a 
line  protracting  pin,  prick  through  every  angular 
point  of  your  map,  join  these  points  on  your  paper 
(laying  the  map  you  copy  before  you)  by  pencilled 
or  pop|)ed  lines,  and  you  have  the  copy  of  the  map 
you  are  to  enlarge :  in  this  manner  any  protraction 
may  be  copied  on  paper,  vellum,  or  parchment,  for 
a  fair  map. 

If  you  would  enlarge  a  map  to  a  scale  which  is 
double,  or  treble,  or  quadruple  to  that  of  the  map  to 
he  enlarged,  the  paper  you  must  provide  for  its  en- 
largement must  be  two,  or  three,  or  four  times  as 
long  and  broad  as  the  map ;  for  which  purpose  in 
large  things  you  will  find  it  necessary  to  join  several 
sheets  of  paper,  and  to  ce^ncnt  them  with  white 
wafer  or  paste,  but  the  former  is  best. 

Then  pitch  upon  any  point  in  your  copied  map 
for  a  centre ;  from  whence  if  distances  be  taken 
to  its  extreme  points,  and*thence  if  those  distances 
be  set  in  a  right  line  with  (but  from)   the  centre. 


To  enlarge  or  ^minish  Maps. 
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and  these  last  points  fall  within  your  pap^ 
iTiRp  may  be  increastd  onit  If)H8c.iIe.is  (arge  again 
as  Its  own  ;  and  it  the  like  riUlaaceH  fie  again  set 
outwards  in  right  lints  Ironi  the  centre,  and  if 
these  laat  points  tail  within  jour  paper,  it  will  con- 
tain a  map  increased  to  a  scale  three  times  as  large 
as  its  own.  &c. 


Pl.  a.  Jig.  2. 

Let  the  pricked  or  popped  lines  represent 
copy  of  a  down  or  old  survey,  Laid  down  by  * 
scale  of  80  perches  to aa  inch,  and  let  it  be  i 
quired  to  enirnge  it  to  one  laid  down  by  40  to  j 
inch. 

Pitch  upon  _your  centre  as  O,  from  whence  thr( 
a  lay  the  fiducial  edge  of  a  thin  ruler,  with  a  Citk 
jjointed  pair  of  compaaaes,  take  the  distance  from 
rt  to  the  centre  O,  and  lay  it  by  the  ruler's  edge 
from  rt  to^  ;  in  the  like  manner  take  the  distance 
from  the  next  statiou  6  to  the  centre  vD,  and  lay  it 
over  in  .i  right  line  from  6  tn  //,  and  join  the  points 
.i  and  B  hy  the  rigiitliiw  .A  11 ;  in  the  like  maqner. 
pet  over  the  tlistance  from  every  station  to  i 
centre,  from  that  station  oulwards,  and  you  wi| 
have  every  point  toenliirge  Id  ;  the  joining  fiOv 
constantly  as  you  go  on  by  right  lines,  wiUpvej 
the  enlarged  map  required. 

In  taking  thedlstaiice  from  every  sUtion  to  th^^ 
ocntre,  set  one  font  of  the  compasses  in  the  sta^ 
tion,  and  (he  other  very  lightly  over  the  centre*  f 
point,  so  lightly  as  scarcely  to  touch  it,  o'beTwiteA 
the  centre-point  will  Itecome  so  wide,  that  it  niaynj 
occasion  several  errors  in  the  enlarged  cmai  J 
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if  yon  err  (rnm  the  exuct  centre  but  a  little.  Ihat 
error  will  become  double,  or  treble,  or  quadruple, 
asyou  enlai^  to  a  scale  tlintts  double,  or  treble* 
or  quadruple  of  the  given  one;  therefore  great 
accuracy  is  required  in  enlarging  a  map. 

When  you  have  done  with  a  station,  give  a  dash 
with  a  pen  or  pencil  to  il,  sucli  asat  the  slalionrt 
and  A;  by  this  means  you  cnnnot  be  disapfyiintt-d 

I  in  nussingastatioD,oriulayiagyour  ruler  over  one 

P^Mation  twice. 

From  what  has  been  said  it  is  plain,   that  if  a 
mapis  to  be  enlarged  to  one  whnse  scale  is  double  ' 
tiie  given  one,  rhat  the  distances  from  the  respec- 
tive stations  to  the   centre,  being  set  over  by  the 
ruler's  edge,  will  give  the  points  (or  the  enlarged 
one.     And    thus   may  a  nmp  l>e  enlai^d  from  a 
scale  of  l60tooneof  80,  froraoneof  80  to  one  of 
40,  from  one  of  ^to  one  of  10  perches  to  an  inch, 
&c.     For  to  enlarge  to  a  scale  that   is  doubIe>  the 
number  of  perches  to  an  inch  for  the  enlarged  map, 
must  be  lialf  of  those  to  an  inch  for  that  to  be  en- 
larged :  to  enlarge  to  a  scule  that  is  treble  the  given 
,  the  number  of  [lerches  to  an  inch  for  the  en- 
■ged  map,  will  be  one  third  of  those  for  the  other; 
!  to  a  scale  that  is  quadruple  thegivt-n  one,  the 
number  of  perches  to  an  inch  tor  the  enlarged  map, 
will  he  one  fourth  of  those  for  the  other,  Stc.  there- 
I,     fore  if  you  would  enlarge  a  map  which  is  laid  down 
■Ayascaleof  1'30  [>erclies  to  an  inch.to  one  of  40 
^^Berchesto  an  inch,  the  distance  from   the  several 
^BtatioDft  to  the  centre,  being  set  twice  beyond  the 
^■bid  stations,  \\ill  markout  the  several  points  re- 
^Boiircd,  for  these  points  will  be  three  times  further 
^Hn>m  tite  centre  th.in  the  stationary  points  of  the 
inap  are, 

Mm 


urge< 

^me,  1 

Kirge( 
^V  to 
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In  tlie  name  manner,  if  you  xvould  enlarge  m\ 
map  fmm  a  scalp  ol'  \^\  to  one  of  +0  perchi 
loan  incli.ilif  distance  troni  Ihe  severnl  statioiw^ 
tn  the  cntre,  being  set  three  times  beynndsaitfi 
stRtions,  will  lay  out  the  [loints  for  yonr  (-iibrged.  ] 
lim|i,  for  thcHe  |>ointB  will  be  four  times  further  from  I 
the  centre  than  are  the  stations  of  the  map. 

M'heu  a  map  is  enlarged  to  another,  whose  scali 
is  double,  oi  treble,  or  quadruple,  &c.  of  the  gi\ 
one,  every  line,  as  well  as  the  length  and  breadt 
of  the  enlarged  map,  will  be  double,  or  treble,  ( 
quadruple,  &c.  those  of  the  given  one,  for  it  nnrat 
be  easy  to  conceive  that  those  maps  are  like:  but 
tiie  area,  if  the  scale  be  double,  will  be  four 
limes ;  if  treble,  nine  times :  if  quadruple,  ax- 
teen  times  that  of  the  given  figure;  that  is*  it 
^vill  contain  four,  nine,  nr  sixteen  times  as  many 
square  inches  as  the  given  one  (for  it  has  been 
sliewn  that  like  polygons  are  in  a  dnplieatc  pro- 
portion with  the  homologous  sides).  Vet  these 
fissures  ijcing  cast  up  by  their  rea|)ective  scalej^ 
will  produce  the  same  coutehl. 

Thus  much  is  sufficient  for  enlarging  maps,  and 
from  hence,  diminishing  of  them  will  be  obvious  ; 
for  one  fourth,  one  third,  or  half  the  dislanceff 
from  the  several  stations  to  the  centre,  wll  mark 
out  points,  which  if  joined,  will  compoFc  a  map 
similar  to  the  given  one,  whose  scale  will  l»  four 
times,  three  times,  or  twice  as  small  ;is  the  given 
one. 

Thus,  if  we  would  reduce  a  map  from  40  to  80, 
from  20  to  40,  from  10  to  20  perches  to  an  inch, 
8:c.  half  the  distance  of  the  stations  from  Ihc 
centre  will  give  the  [joints  requisite  lor  drawing  the 
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map  ;  if  we  would  reduce  from  40  to  120,  from 
20  to  60,  from  10  to  30  |)erclie8  to  ^n  inch,  &a 
one  third  of  the  distances  to  the  centre,  will  give 
the  points  for  the  map :  and  if  we  would  reduce 
from  40  to  160,  from  20  to  80,  from  10  to  40 
perches  to  an  inch,  &c.  one  fourth  of  the  d.s- 
tances  to  the  centre,  will  give  tlie  points  for  the 
map. 

By  the  n^ethods  here  laid  down  I  have  reduced  a 
map  from  a  scale  of  40  to  one  of  20  perches  to 
an  inch,  which  contained  upwards  of  1200  acres, 
and  consisted  of  294  se^iarate  divisions,  without 
the  least  confusion  from  the  lines;  for  none  can 
arise  if  the  methods  here  laid  down  be  strictly  ob- 
Berv^d. 

I  have  also  from  the  same  methods  reduced  a 
large  book  of  maps,  each  of  which  was  an  en- 
tire skin  of  parchment,  and  the  whole  contained 
upwards  of  46000  acres,  to  a  pocket  volume ; 
and  afterwards  connected  all  these  ma[)S  into  one 
map,  which  was  contained  in  one  skin  of  parch- 
ment :  therefore  upon  the  whole  I  do  recommend 
these  methods  for  reducing  m'*ps  to  be  much  more 
accurate  than  any  of  the  methods  commonly  -used, 
such  as  s(}uaring  of  paper,  using  a  parallelogram, 
proportionable  compasses,  or  any  other  method  I 
■ever  met  with,  though  the  figures  to  be  redrced 
were  ever  so  numerous,  irregular,  or  complicated. 


To  unite  se/iaraie  ma  fie  of  lands  ivhich  join   each  other  ^  intf 

one  mail  of  any  assigned  size. 

If  there  be  several  large  maps  contained  in  a 
book,  each  of  which  supj)ose  to  take  up  a  skir 


>■ 
i 
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of  prchment,  or  a  sheet  of  the  largest 


which   maps  of  lands  join 


each  olher  ;  abd  it  fc 


reijiiiret)  fe  reduce  them  to  so  small  a  scdle, 
all  ol  them  when  joined  together  may  be  contained 
in  nne  skin,  half  a  skin,  or  any  assigned  sized  piece 
of  parchment,  or  paper. 

Having  pricked  ofF  and  copied  the  several  maps 
on  any  kind  of  paper,  unite  them  by  cutting  with 
scissors  along  the  edge  of  one  boundary  which  is 
adjoining  the  other,  but  not  cutting  by  the  edge 
of  both,  and  throw  aside  the  partacutofT;  then 
lay  these  together  on  a  large  table,  or  wi  the 
floor,  and  where  the  l)onn(iaries  agree,  they  will  fit 
in  with  each  other  as  inaentures  do  ;  and  after  tfaiB 
inannerlhey  are  easily  connected  :  measure  tlm 
the  length  and  breadth  of  the  entire  connected 
maps,  and  the  length  and  breadth  of  the  parch- 
mentor  jiaper  yon  are  confined  lo;  if  the  form)' 
be  three,  four,  or  five  times  greater  (that  is,  long< 
and  bTOflder)  than  the  latter,  reduce  each  copii 
map  severally  toa  scale  that  is  three,  or  ftwr,  i 
five  times  loss,  as  before;  and  the  same  parts  rf 
the  biMindarics  you  cut  by  in  the  large  map«,  by 
the  same  you  n'>ust  also  cut  in  small  ones,  and 
unite  fhe  small  as  the  large  ones  were  united  ;  tse* 
nieiiling  tlicm  together  with  white  wafer  :  thus  will 
your  map  be  reducetl  to  the  assigned  size,  whicb 
copy  over  lair,  on  the  jjarchnient,  or  pai>er  you  were 
confined  lo 

But  it  is  not  always  that  a  person  is  confined  to 
a  given  area  nf  piirchment,  or  paper;  in  such 
cjipes,  if  there  are  many  large  maps  to  be  united 
inloone,  reduce  each  of  tht-ni  severally  to  a  scale 
ot  irjOperchefl  loan  inch,  and  urile  those  Iiy  the 
contiguity  or  houudaries,  as  before  :  or  if  you  have 
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a  few,  it  will  be  sufTicient  to  reduce  them  to  a  scala 
of  l'^  SCr,  But  having  the  mnps  gi vent  and 
the  scale  by  which  they  are  laid  dowai  your  rea- 
son will  be  sufTicient  tn  direct  you  to  know  what 
icale  tliey  should  be  reduced  to. 


DireetiCTU  eoneermng  lunit^t  in  general. 

If  you  have  3  large  oDaDtity  of  ground  to  Bur- 
veyt  which  consists  of  many  fields   or  liol(lings> 
aihI  that  it  be  required  to  m.tp  and  give  the  re-  . 
$pective  contenis   of  the   saaie,  it  is  best  to  make 
a  survey   of  the  whole  first,  and  to  be   satisfied 
that  it  is  truly  taken,  as  well  as  to  find  its  content ; 
and  as  you  go    touad  the   laud,  to  make  a  Dote ' 
on  the  side   of  your  field-hook  at  every  station 
where  the   boundary  of  any   particular    field  or 
bolding  intersects   or  meets  trie  surround  ;  thea 
proceed  from  any   one  of  tho!te  stations,   and  in 
your  field-book  s«y,  "  proceed  f^  om  such  a  station," 
and  wlien  you  h'lve  gone  round  that  field  ordi- 
visioui    insert  the   stntion  you  close 'at,  and  80 
through   the   whole ;  a  little    practice  can    only 
render  this  suUicJently  familiar,  and   the  nielhrxl  o£ 
prntractinn  must  be  evident  from  the    ficldnntes. 
When  the  whole  is  protracted,  and  you  are  satisfied  it 
of  the  closes  of  the  particular  divisions,  cast  up  each  ^ 
severally,  aud  if  the  sum  of  their  contents  be  equal   ■ 
to  the  content  of  the  whole  first   found,  you  may  f 
safely  conclude  thiit  all  is  right.  p 

t 
The  protraction  being  thus  finished  and  cast  up.  1 
transfer  it  on  clean  (liiper,  vellum,  or  parchment.  | 
as  before;  l)c  careful  to  draw  your  lines  with  a" 
fine  pen,  write  on  it  the  names  of  the  ciicumjaceut  j 
Usfie,  and  SCI  No.    I,  '2,  3,  4,  S,'c.  in  eveiy  partij 
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cular  field  or  division  ;  let  every  tenanl's  partioala 
holding  he  tliNlinguished  by  a  dilTt-rent  cnloure 
jaaint    being  run  finely  along  the  boundaries  ;  li 
all    the     roads,     rivulets,    rivers,    brid^^es,    bogs, 
ponds,    bouses,     caslles,    churches,     beacons   (or 
whatever  else  may  be  remarkable  on  the  groundj, 
be  distinguished  on  the  raaj).     Write  the  title 
the  map  in  a  neat  compartment  either  drawn, 
done  from  a  good  cnpper-plate  graving,  with    tha 
gentleman's  arms.     Prick  nffnne  of  j'our  pnralleU 
■with  the  map,  and  on  it  make  a  mariner's  compfisffjl 
and  draw  a  flower-de-luce  to  the  north,  and  thisl 
will  represent  the magnelical  north-,    after  which 
setoiT  the  variation,  which  express  in  figures,  antj 
through  the  centre  of  the  compass,  let  a  true  me- 
ridian Hoe  be  drawn  of  about  3  inches   long,  by 
which  write  Trne  Meridian.     I^f  a  scale  be  drawn, 
or  it  is  8ul]icieut  to  express  the  number  of  perches 
loan  inch,  the  map  was  laid  down  by,     Uraw  a 
reference  table  of  three,  or,  if  occasion  be.  of  four 
or  more  cohirana  ;  in  the  first  inserttlie  number  of 
liie  field  or^hoiding:  in  the  next  its  name,  and  by 
whom  occupied :  in  the  third  the  quantity  of  acres, 
roods,  and  |)erches  it  contains  :  if  you  have  nnj>ro- 
fitaljle  land,  as  bog  or  mountain,  let  the  quantity  h 
inserted    in  the  fourth   column;    and,  if    it    bil 
required,  you  may  make  another  column  for  atatutej 
measure,  and  then  the  map  is  completed. 


Division  of  Land.  271 


SECTION  VII. 

THK  METHOD  OF  DIVIDING  LAND,  OR  OF  TAKING  OFF  OR   IX* 

CLOSING  ANT  GIVEN  qUANTITY. 

EXA3IPLE  I. 

Let  ABCD^  SCc.  be  a  map  of  ground,  contain*^ 
log  11  acres,  it  is  required  to  cut  ofT.  apieceas 
DEFGlDy  that  shall  contain  5  acres. 

Join  any  two  opposite  stations  as  Dand  G,  with 
the  line  JDff,  (which  you  may  nearly  judge  to  be 
the  partition  line)  and  fmd  the  area  of  the  part 
DEFGy  which  suppose  may  want  3R.  90P.  of  the 
quantityyou  would  cut  oiT:  measure  the  line  DGy 
which  suppose  to  be  70  perches.  Divide  3R.  20P. 
or  140P.  by  25,  the  i  of  DG,  and  the  quotient  4 
will  be  a  perpendicular  for  a  triangle  whose  base  is 
70,  and"  the  area  1 40P.  Let  HI  be  drawn  pa- 
rallel to  DGy  at  the  distance  of  the  perpendicular  4, 
and  from  f,  where  it  cuts  the  boundary,  draw  a  line 
to  D,  and  that  hneZ^A,  will l)e the  division  line; or 
a-linefrom  G  to //will  have  the  same  eflect;  all 
which  must  be  evident  from  what  has  been  already 
said. 

But  if  hills,  trees.  &c.  obstruct  the  view  of  the 
points  D  nd  /from  each  other,  it  will  be  necessary 
in  order  to  run  a  partition  line,  to  know  its  l)earing ; 
and  it  may  be  pro[)er  on  some  occasions,  to  have  its 
length  ;  both  these  may  he  easily  calculated  from 
the  common  field-notes  only,  as  in  the  following 
example,  without  the  trouble  of  any  other  measure- 
ment on  the  ground,  or  any  dependance  on  the 
map  and  scal^. 
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Pt.   13.^.  3. 

Let  ABCDEFGHIA  be  a  tract  of  land,  to  \ 
diwded  into  two  equal  parts,  by  a  right  Hoe   froi 
the  corner  /to  the  opposite  boundary  CD  ;  reijuir-* 
ed  the  bearing  and  length  of  the  partition  lioe  /.^ 
by  calculation,  from  the  following  fiel(t>DOteftt  f>V 


fieW-N  ■       ■  ■  ^  '            1 

Bo.m. 

Btc,. 

,^       ,..'■-.. 

AD 

N.    19". 

0'E.llU8. 

BC 

s.   rr. 

0  E.    91. 

CD 

S.     27. 

0  E.  IIS. 

nR 

S.     53. 

OW.    S8. 

KK 

3.     IS. 

30E.  ra. 

FG 

West.        ro.9   1 

GH 

N.    36. 

OW.    47.     1 

HI 

North.          64.3     1 

lA 

N.    63. 

ISW.     59.      1 

ISJA. 

R.       2S.9P.! 

Operation. 


lABcr       (Per.     N.      S. 

E.       W 

53.2 

3S.9 

M^      ?K7~ 

J. 
1 
1 
1 

lA  N.  62*i  VV.    iy      27.3  — ^ 

AB,N.   19        E-ISB    102.1 
BCS.   77       E.I  91               "" 

Area,  8722.3  perches]  129.6    129.6  | 

123.9  t    123.9 

ISaA.  IR.  95.9P.='Ji385.9  perch. 
half,tobcrtividedofl',=  l51>)9.9  I  ., 
Wx^xllABCl    =  8792.3  j  '""• 

Triangle /CiV/      =3470.6  pefthes. 


■w  ^ 

^\xaa^ 

•"TjmiL 

ICDl. 

lii   109.1 

s. 

102.5 
6.6 

E. 

~7i.r 

■,3.2 

CD  S.  IT.  E. 
Dl 

Ar«.  6523.1    per.'lyg.: 

itiy.t  123.-1 

XI'iM^ 

Tb«l,i     ICDI:CD::lCm:C.\     \ 
m     i6M2.1  :  Hi:  :«7ll6:6ll9  J 
which  determines  the  point  /Vin  CD. 


'tis 


Th    18 

Sec.    I 


I 


ICNI.        Per.,  N. 

S        t. 

«■- 

IC  Wbrfon:    -— Uus.l 

—   u; 

cnU-  «i  e.  6t.al 

S46    2-,tt 

Nl   i 1 1 

i  M.6 

199.3 

As& 


AsdiF.  Ut.      £4.6 

Rjidias      S.90deg|  :Deiwrt 

;  Depart.        9£>.5       t  : :  Radius  S. 

Tang.  Bear. 6 PIS'    |  : Distance 


99.5 
1 13.49 


Answer, 


t  AVrunsN.  5n5^E.  ) 
ATnuisS.  61    15  \V. 


1 1 3.5  per. 


In  the  part  lA'BCh  the  diflerencc  between  the 

anrthiiiga  and  the  southings  of  the  three  lines,  lA, 

.^^  anrifiC(1091j  ta  the   dilTfireDce  of  latitude, 

Jin'l  ih«t  of  their  eastings  and  w«stuig8  (7l.7)  the 

-^partuje  of  iheliiie  CV,  which  is  [lUced  tltereto,  so 

Mf*  w  baiance  the  cilumos  ;    sec  theo.  1.  sect  5. 

Tlirnve  the  cotitent  is  obtained,  us  already  laugbt, 

witiiout  the  bearing  or  length  of  tbeline  Cl. 

For  the  triangle  ICDL  the  diit.Ut.  and  dep.  of 
IC  are  laken  from  the  preceding  table,  which  is  go- 
ing iioro /to  Cwillbeuorthing  and  easting  :  those 
of  C'i)  are  fuuiid  by  the  bparinganddieiance,  and 

[.9iDJ\)V  balaaQiog  the  columns,  as  before  for  Cf. 

'  ■  Nn 


m 
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The  difference 
(99.5)  of  the  line  Nf,  id  the  third  tabic  are  (ound 
b/haUnciiifi those  of  /Cand  C.V,-  and  hh  they  are 
the  base  and  per[)ei>dit;ular  of  a  right  angled  trian- 
gle, of  which  the  line  .Wis  the  hypothenuse,  and 
the  angle  ofjposile  to  the  departure,  the  bearing, 
we  have  the  answer  h^  iwo  trigonnnietrical  staCings, 
asabore ;  and  thus  may  any  tract  be  aocurntcly 
divided,  or  any  proposed  quantity-  readily  cut  olT" 
or  inclosed. 


Now  the  student  or  practitioner  may  calculate 
the  content  of  the  part  ABCI\'IA  (the  bearing  and 
distance,  or  the  dilt.  lat,  and  dep,  of  (.'A' nnd  of 
Nf  being  known)  and  if  it  be  found  eqnal  to  the 
intended  quantity,  it  proves  the  truth  of  the  ope- 
ratioB 


I 


^H         It  is  propoe 
^B       end  of  this  trj 


EzA3£FL£  I 


i  proposed  to  cutoflFSSA.  16PJ.  to  the  south  I 
end  of  this  tract,  by  a  line  running  from  E  due 
West  40  percbcfl  to  a  well  at  0,  and  from  thence  a 
right  line  to  a  point  M  in  the  boundary  HI ;  the 
place  of  M,  and  the  bearing  and  length  of  the  line 
OM  are  required ;  the  field-cotes  beiog  as  in  ex-  i 
ample  3d. 


Aaiirer, 


[  Mfrom  H,  north,  43.23  )         . 
[  OAi,  N.  78'>  V  W.  39.03  ( I«™>«- 
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In  this  example  we  fiiid» 

The  area  of  OEFGHO  =  5270.5 

ConsequenUy  of  HOMH  =    836.0 

Dif.  lat.  of  the  Une  HO=^HF=^     S5.3 
Departure  of  ditto  »Sr=»     38.3 

■ 

Ab  fiZ  happens  to  be  a  meridian,  the  area  of 
^OJI/H  divided  by  half  0^.(19.1)  quotes  HM 
<43.33)  without  finding  the  area  of  HOIH^  as  we 
did  of  ICDI  in  example  2d.  and  UM—HV^ 
VM^  8.03=  dif.  lat  oi  OM,  which  with  its  dep. 
/X/=d8.SL  gives  the  bearing  and  distance  as  before. 

Example  IV. 

Pi'  \2.Jig.  4. 

A  trapezoidal  field  ABCD^  bounded  as  under 
specified,  is  to  be  divided  into  two  eoual  parts  by 
a  right  line  JE^/' parallel  XbAB  or  CD;  required 
AFoxBF? 


""AB 
1    *«^ 


Bou. 

AB 
BC 
CD 


Bearing. 


Per. 

30."" 
60. 


SouUi. 
N.  80   W. 

N.  394  W.!45.5 
DA  |8.  SO     £.89.4 


ISA.  3R.  7P. 


In  the  triangle  CBG  are  given  ^^and  all  the  an- 
gles (known  by  the  bearings)  to  find  BG^  and 
thence  the  area  by  prob.  9.  sect.  4.  which+half  the 
area  of  ABCD=^siTe8L  of  EFG  ;  then  as  the  area 
of  CBG  to  that  of  EtGy  so  is  the  square  ol  BG 
to  the  square  of  FG,  and  FG^-BG^BF 
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Angle  O  S<)°  30',  log.  S,  Co  Ar.  0,19849  ) 
Side flP 60 per.  log.  1.77815  Jidd 


Angle  C  40°  30 ',  sioo 

Side  50  61.26  per. 
Side  flC  60  per. 
Angle  B  IOC  O'.sine 

2)3619.8,  log. 

As  CBG  =  1809.9  Co.  Ar. 

1 103.5  =  BCEF 
To  fi^-G- 2913.4,  log. 

So  »qr. //G  61.26,  log.  I 

To  sqr.  FG  77.72 
An»r..flF=  16.46  per. 


9.312S4  ) 

1.78718) 
1.7781.i>acid 
9.99335  \ 


3.55868 

6.743351 

3.46440  Lu 
1      1.78718  I 
i      1.787I8J 

(2)3.78111 

1.8!)055 


By  the  application  of  this  method  a  tract  of  land 
may  be  divided  accurately,  in  any  proportion,  by  a 
line  running  in  any  assigned  direction. 

Note.  When  the  practitioner  would  wish  to  he 
very  accurate,  it  will  be  much  better  to  work  hy 
four  pole  chains  and  links  than  by  perches  and 
tenths;  one  tenth  of  a  perch  square  being  equal 
to  6i  square  Ujiks, 


Thefolhmng  FieU-JVotis  ffrom  A.  Buras)  are 
qf  a  piece  of  hndy  wluch  is  proposed^  as  an  esam- 
pley  to  be  dhiied  into  three  equal  parts  dy  two  riglUr 
lines  rummig  from  the  sixtk  and  seventh  stations; 
andfrmmit  ly  calculating'  the  contem  of  the  middle 
part. 


f  5U 


1 


2 


afihg.    f  4l^.d. 


NX    56»1 


3 


I     6 


NJE.      26| 


S.E.       71} 


&£.       36} 


8.W.     f4 


SX        45 


$.£*        63^ 


31.60 


13.44 


18.96 


13.44 


U.96» 


».47 


N.£.       46 


13.44 


8.47 


9 

10 
11 


S.E.        26^ 


13.44 


M(Mi 


12 


13 


.S.W.       45 


S.W.      63j 


i;47 

13.44 


N.W.     76 


24.73 


N.W.     36J 


3o.oa 


A.     R.     P. 

Area  167.     1.     24. 


Division  of  Lan^ 
Example  \i.. 
Pi.  s.  J!g.  S. 


n 


The  plot  ABCDEFGIIA  is  proposed  to  be  divi^ 
«1,  fftomelricallif,  in  the  proportiouof  'HoS,\jy  Wl 
right  line  ironi  a  givcu  point  in  any  boundary  <*• 
angle  thereof,  suppose  tlie  point  D. 

Redncc  the  plot  to  the  triangle  cDe,  as  already 
taiight;  divide  the  baee  ce  in  ^he  point  A'',  so  du^ 
tf.Vbe  'o  Xc  in  the  ratioof  two  or  threei  by  proh 
1-i.  page  53 ;  draw  DX,  and  it  is  done. 


Example  tii. 


4 


Mramfilf  2rf  may  Hkevntt  6e  fier/ormed  ffeomelricaUif. 

Produce  Ct)  both  ways  for  a  base,  and  redaoe 
the  whole  to  a  triangle,  making  /tbevertical  point ; 
theu  bisect  tfa(  base  id  A^  and  draur  l^.    But,    ' 

Notwith8tBt!ding.thid  geometrical  method  is  de- 
monstrably  trfie  in  tbeojy,it  is  not  aa  safe,  on  piac- 
tical  occasions  requiting  accuracy,  aa  the  calculation* 
even  when  pet-formed  with  the  greatest  care ;  for 
which  reason  we^viil  not  enlarge  on  it  tusre. 

Example  viii. 

Su/ifiote  864  acret  to  be  laid  out  in  Jbrm  of  a  right-OMglrd 
fmraUetogratn,  qf  whiek  the  mde»  ahatlbt  inflroflortiim  a*  5t» 
3  ;  required  tkeir  dimentiotu  ? 

For  the  greater  side,  multiply  the  area  by  the 
greater  number  of  the  given  proi)OTtioD,  aud  divide 


Dmnon  of  Land.  9^19 

by  the  leM,  or,  for  the  less  side,  multiply  hj  tlie  less 
number,  and  (Hvide  by  the  grente" ;  the  square  root 
of  the  quotient  will  be  the  ade  required  '.thus. 


864A.S138240P  1^340 

5  3 


3)691900  5)414790 

Answ.  V  adi[)4(i6«4S0.    y  8:2944<=988. 


EXAMFLBEB. 


t 


If  it  be  required,  to  laj  oyt  amy  quantity  of  ff  round^ 
suppose  47 A.  3R.  |6P.  in  form  of  paralleTog^jm, 
of  which  the  length  is  to  exceed  the  breadth  by  a 
given  difference,  for  instance  SO  perches,  then  add 
the  square  of  half  this  difference  to  the  area,  and 
take  the  square-root  of  the  sum  ;.  tQ  which  add  half 
the  difference  for  the  greater  side^  |  and  8ubtx»ct .  it 
tberefromlbr  the  less ;  thus, 

2)80  47A.  2R.  16P.«761B  perches. 
.  1600 


40 


40  ^  9216=96 


1600  half  diff.    add  and    subt. — 40 

the  length  «=  136 
Answ.    " 

the  breadth  =  56 

Any  proposed  quantity  of  ground  may  be  kid  out 
or  indcMied  in  the  form 


DMtion  of  Land. 


wfe. 


( Square  -  by  proTi.  9d.  \ 

£  1  ParfUlelogram,  1  sifle  giv.  by  pro.  4th.  f  set 
1  Triangle  of  a  given  base,  by  pro.  7th,  i  4. 
\  Circle  -  by  prob.  13th.  ) 

It  is  sometimes  most  convenient,  when  land  is  to 
be  laid  out  adjacent  to  a  creek,  river,  or  other  crook- 
ed boundary,  to  raaisiire  ofF-sets  to  the  angles  or 
bending  thereof,  from  a  right  line  or  lines  taken 
ztear  such  boundary,  and  to  deduct  the  area  of  these 
oiT-sets  from  the  given  qnantity,  and  then  to  lajr 
off  the  remainder  from  the  right-line  or  lines>  in  ■ 
the  desired  form.  | 

In  laying  out  new  lands,  attention  must  be  paid 
to  the  allowADce  for  xoai^  as  exemplified  in  prob. 
14ih. 


EXAHFLEX. 

It  18  reqaired  to  di\nde  off  90  acres,  to  the  sooth 
east  end  of  the  tract,  of  which  the  field-notes  are 
given  in  example  4th,  by  a  right-line  to  run  N ,  20* 
E.    See  exjunple  4t]i. 


4 


(381  ) 


.  sBonoK  vox. 


mt  0VEVBYIVO  BAEBOU&tf  taOAXly  llVM|  8cC. 


Pl.  \S.Jig.  1. 
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HERE  are  tbree  meihodB  wberebj  this  may 
be  perfomied ;  for  the  observations  may  be  made 
either  on  the  water  or  on  the  land.  Tnoae  made 
on  the  water  are  of  two  kindsy  one  fay  tke  log-line 
and  compass  (as  in  .plane  sailing  measuring)  the 
coarse  and  distance  round  the  sand ;  and  then  to 
be  plotted  as  a  Urge  wood,  or  any  inclosure  takett 
by  the  circmnferentor.  . 

This  method  I  omit  for  two  reasons ;  first,  be- 
cause it  it  to  be  deduced  from  the  writers  of  nai^- 
gation :  and^  secondly,  because  the  distances  thus 
measured  are  liable  to  the  errors  of  currents,  which 
generally  attend  shoals  or  sands  near  the  shore. 

The  second  method,  where  there  are  no  dia- 
tancesto  be  measured  on  the  water,  though  stillthere 
is  one  inconvenience,  common  also  to  the  former, 
because  the  bearings  or  observations  are  to  be  taken 
on  that  unstable  element  (an  error  scarce  mention- 
ed by  practical  artists)  I  shall  briefly  hint  at ;  and 
80  ratner  choose  a  third,  which  Is  liable  to  neither 
^f  these  imperfections. 

Oo 


I 


L 


1:282    0/ Surveying  harbours,  s/ioals,  saniis,  &'c. 

Let  a  boat  be  manned  out  with  n  signal  Sag,  b 
log  and  line,  lead  and  line,  and  to  observe  the  bear- 
ings of  any  land-mark,  a  compass  with  sights. 

Take  two  or  more  objects  nr  places,  as  A,  B,  C^ 
on  the  shore,  Irom  whence  the  Imal  may  be  seen  otx 
the  aevfrai  parts  oi  this  «hoal,  and  determine  thetr  , 
relative  (position  bj-  bearing  and  diBlanceaeitlier  be-  I 
fore  or  after  the  otiier    necessary   observations  arcrJ 
made. 

One  of  the  boat's  crew  is  to  sound  till  he  findi 
hiatsclE  on  the  edge  of  ihe  sand,  by  the  depth  of 
water,  and  then  to  come  to  an  anchor  ;  which  he 
is  to  signify  to  two  [>ersons  on  the  shore,  at  B  and 
Cr  by  his  signal.  And  then  from  those  known 
land-marks,  B  and  C,  the  observers  are  to  take 
the  bearings  of  the  boat,  and  to  register  their  ob- 
jKH'Stions;  which,  when  done,  they  arc  to  aignifjr 
to  the  crew  by  waving  a  flag,  or  by  some  other 
aignaL 

And  in  the  mean  time,  to  prevent  mistakes,  let 
the  crew  take  the  bearings  of  "each  of  these  land- 
marks :  Then  weigh  anchor,  which  suppose  at  jE>. 

Then  by  sounding,  proceed  to  £",  and  make  like 
observations.  And  so  at  E,  F,  G,  &c.  tillyoa  have 
surrounded  your  sand. 

And  if  in  this  process,  you  are  about  to  loose  the 
sight  of  one  of  your  lantl-marks  suppose  C,  let  your 
aasisunt  at  C,  or  B,  who  at  that  time  will  also  be 
about  to  loose  the  sight  of  the  boat,  by  signals  (be-' 
fore  agreed  on)  remove  to  some  o' her  object  be- 
fore-hand agreed  on,  suppose  to  //,  or  K ;  and  then 
to  proceed  as  before. 
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Lastly,  if  the  sand  runs  so  far  oat  at  sea,  that 
tfeeobiect  cannot  be  seeD  by  the  boat,  nor  the 
■  boat  by  the  observer  on  shore  ;  there  may  he  rock- 
eta  fired  by  the  boiit'a  crew,  and  also  by  the  ob- 
servers on  the  shore  m  the  nighl,  whereby  those 
bearings  may  be  taken  almost  at  as  great  a  distance 
as  the  light  can  be  seen.  For  supposing  ihey  rise 
but  a  quarter  of  a  mile  above  the  apiiarcnt  borizoD* 
its  stay  will  be  about  9  seconds,  and  its  distance 
fcn-this  qaarterof  aiBilewiU  be  visible  aboat  44 
miles. 

But  rockets  rise  much  higher,  and  then  the  dis- 
tances are  mwcb  greater,  whereby  they  are  visible. 

Or  two  boalB  may  lay  at  anchor  instead  of  the 
land  marks,  and  then  you  may  work  as  before. 

Now,  since  the  land-marks  5  and  Care  fixed, 
their  position  may  belaid  down  in  the  draught,  as 
in  common  surveying,  by  (Jotting  the  distance  be- 
tween &  and  C  And  then,  by  plotting  the  liae 
B/>,  and  the  line  Z)C,  according  to  their  position, 
their  common  intersection  will  give  the  point  D. 
And  in  like  manner  E,  Ft  G,  &c.  may  be  plot- 
ted ;  and  so  the  shoals  completed.  And  this  from 
the  bearings  taken  at  B  and  C. 


If  this  be  a  standing  lake,  environed  by  bogs, 
or  other  impediments,  the  observations  at  D,  E,  F, 
&c.  by  taking  their  oppositea,  may  sulfice  to  plot 
the  some  fi'om  the  laud-iDark,  A,  By  C,  kc.  as 
well  as  those  taken  on  the  land:  or,  indeed,  by 
the  course  and  distance,  as  in  navigation,  if  the 
water  be  smooth  and  without  a  current 


1 
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In  sea  sboa^s*  it  ia  conveotent  to  note  at  eaoli  ob- 
servation tb«  depth  of  the  water  found  by  the  \oadi 
and  tlie  drtlt  ana  setting  of  the  current  b}'  tbelotf 
«nd  conipaae,  while  the  boat  is  at  anchor,  whicb 
mny  be  done  with  ease  and  expedition  enough.  For 
while  the  boat  rides  at  an  aochori  her  stern  pointi 
cut  the  setting  of  the  currept,  and  the  log  an^i 
glass  will  measure  its  drift. 

And  these  ought  to  be  noted  on  the  draught  i 
which  may  be  thus : 

The  currents  may  be  shewn,  by  drawing  a  dart 
pointing  out  ittsetting,and  its  drift  bythe  Roman 
capital  letters,  the  depth  of  the  %vaier  by  the  smatj  J 
SguTM,  Aiid  Kwlu  by  little  QTOBses,  &c. 


LEVELUNG. 

Pt.  i3.M-  »■ 

LEVELLING  is  the  art  of  awsertaiouig  the 
per|»endicular  ascent  or  descent  of  one  place 
(or  more)  above  or  below  the  horizontal  level  of 
another,  for  various  intentions;  and  of  marJiing 
out  courseB  for  conveyance  of  water,  &c. 

The  true  level  is  a  curve  conforming  to  the  Sor- 
Uce  of  the  earth  ;  as  JBG. 

Thr-  apparent  level  is  a  tangent  to  that  cum: 
as  ADM. 


d 
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The  correctum^  or  aUovance  far  tke  earth's  cur- 
vature, iathedifffrcBcefaetweeatbeai^jiaT^ 
and  the  tni^  bb  BD.  The  qqaiititj  ot  this  correc- 
tioQ  may  be  known  bj  havrng^  in  the  right-angled 
triangle  v^JRf  the  two  \^g^  ilCe^the  semidiameter 
of  the  e«th  (« 1367500  perches)  and  AD^ihe 
distance  df  the  object^  to  find  the  hypothenuse  CD% 
from  which  taking  CJB :  (  ^CA)  the  remainder  will 
be  the  correction  BD  /  but  it  may  be  obtained 
more  praeticiUy  thus ; 

Square  the  distance  in 

Sfoqr-pole  chains  and  divide  by  800, 
Of  in  perches  and  divide  by  12800, 
or  in  miles  and  multiply  by  8, 

for  the  correction  in  mohes* 

ExiUkCPLB. 

Required  the  correction  for  QO  fi>ur-pole  chains 
^80  perchess:  ^  mile. 

800)90  x@0=400(.5 
12800)80  x80==:640Q(.5 
4».35,and.25X25x8»ii 
that  is  •&>  or  ^  inch,  the  correction  required.    ^ 

But,  to  save  the  trouble  of  calculatioiH  we  innert 
the  following  table  of  corrections. 


1          MO                 OPLETELLiNG.             ^^H 

^M                            A  Table  of  Corrections.                  ^^| 

^^                      Thedlslances  in  four-|Hilc  Chains.            ^B 

Distan.  Corrcc. 

Disian. 

Cor  re  e. 

Chuns 

Inch» 

Clivns. 

Incll--. 

1 

OiOo'ias" 

37 

0.91   ~ 

2 

0JK)3 

28 

0,98 

3 

0,0113s 

39 

1,05 

4 

0,03 

30 

1,13 

5      ;  0,03 

31 

1,19 

6     [0,04 

33 

ijr 

7     1  0,06 

33 

1,35 

8       0/)8 

34 

1,44 

9 

0,10 

35 

1,53 

10 

0.12 

36 

1.63 

H 

0,13 

37 

i.ri 

It 

0,I» 

38 

1,80 

13       0,SI 

39 

1,91 

U      ;  0,34 

40 

3,00 

15        0,28 

■iS 

2.28 

16        0,32 

50 

3,12— 

IT        0,36 

3S 

3,78 

IB       0,40 

60 

4,80 

19       0.4S 

■   6j 

5,31 

20 

0,SO 

70 

6,13 

SI 

o".55 

'>5  . 

7,03 

23 

U,60 

80 

8,00 

33 

0,67. 

as 

9,03 

34 

0J2 

90 

10,13 

8J 

0.78 

95 

11,38 

36 

0,84 

100 

12,S0 

^f.            The  firs 

t  thine  necessary  in  levelling, 

a  the  ad- 

H         joslingof  the  level,  which  may  be  performed  several 

■         ways  :  The  following  is  very 'easy  and  practical. 

H              Choose  some  ground  which  is  not  above  4  or  5 

H          feet  out  of  the  level,  for  the  diBlnnce  of  8  or  10 

■           chains  lenglh.  and  suppoRe  it  he  AB  (fig.  3.)  and 

find  the  middle  Ijetween  ^  and  5,  which  suf^xwe 

to  be  C;  plant  the  instrument  at-C;  direct  the 

^_        tube  to  a  station-staff,  held  u])  at  A,  and  devtte  or  ^- 

r  LEVELLING. 
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,  till  the  bubble  is  exactly  in  the 
middle  <it  the  divisions;  then  by  signals  direct  yonr 
assistjintat^.  to  rise  nr  depress  the  vane,  sliding  on 
the  station-staff,  till  the  hnrizontal  Iiair  in  the  glaee, 
cuts  the  middle  of  that  vane  :  thea  see  how  many 
feet,  inches,  and  parts,  are  cut  by  the  upper  pan  of 
the  vane.which  suppose  to  be  3  leet  4  inches  and  6 
tenths. 

In  like  manner  direct  to  the  other  ataffat  S,iuid 
8U|Tpo5e  the  upper  e<ige  of  that  vane  to  cut  at  the 
height  of  6  feet,  5  inches  and  two  tenthsi  then  will 
these  two  vanes  be  on  a  level. 

From  6feet5.^  inches  subtract  3  feet  4.6  inches, 
and  reserve  the  rejnaioder  S  feet  0.6  inches. 

Now,  remove  the  instrument  as  close  to  the 
higher  station-staiT  as  you  can  ;  so  that  the  middle 
of  the  telescope  may  aln»o»t  touch  it.  .  Then  bring 
the  telescope  as  near  to  a  level  as  the  judgment  of 
the  eye  will  direct. 

Measure  from  the  ground,  the  height  of  the  top 
of  the  telescope  ;  and  also  of  the  bottom,'  in  feet, 
inches,  and  parts  ;  suppose  them  to  be  'i  feet,  10.^ 
inches,  and  .5  feet  0.3  inches  ;  then  half  the  sum 
of  the  heights  A  feet  11.4  inches  is  the  height  of 
the  centre  of  the  glass  ;  and  to  this  add  hull  the 
breadth  of  the  vane,  which  suppose  to  be  I  inch 
and  5  tenths, and  to  the  sum  5  feet  0.9  inches,  add 
the  preceding  remainder  3  ieet  0.0  inches  ;  then 
let  the  person  at  B  move  his  vane,  till  the  uppet 
edge  cut  8  feet  1.5  inches,  the  sum  of  the  prcced- 
uu  numbers. 


OF  LEVELLING. 

Now,  no  elevate  or  dcpmsa  the  hmr  or  Ae  hu\y 
Itte,  till  Ihe  hitir  cut  the  middle  of  the  vane  nt  S, 
jtnd  ftt  the  same  time  the  bubble  staads  at  the  lakl- 
dle  of  Ihe  divKiions ;  and  tben  will  the 

bedulyadjtifted. 

If  you  haves  mind  to  be  more  accmste,  repast 
the  0[)eratioii  ;  but  wlien  you  place  the  instrumeat 
at  C  turn  the  lube  «t  right  angles  to  the  line  /i S, 
nod  thwe  set  it  Ie\*cr;  then  proceed  vrith  a  repe- 
tition of  the  work.  Only  obserw  to  croas-levd  it 
ID  this  adjustment,  and  in  all  future  uses  what- 
soever. 

Or  the  level  may  be  adjusted  thus  :  As  hefore, 
first  plant  the  instrument  in  the  middle  between  ut 
and  nifig.  i.)  andolwerve  the  lieighta  ou  the  sta- 
tion-staves, which  suppose  to  be  m  above ;  and 
consequently  their  dilienence,  as  before,  is  3  feet 
0.6  inches..  Now  measure  from  C  towards  the 
highest  ground  A,  somedistance  IhatcomcsAimost 
to^;  suppose  4  chains  to  D,  and  DB  will  be  9 
chains,  and  DA  one  chain  :  Then  plant  the  instru- 
ment at  D,  direct  the  telescope  to  k,  and,  setting 
the  bubble  to  the  middle  of  the  divisioo,  direct 
youraasistant  to  move  the  \iBne,  till  the  iiair  arti 
the  middle  of  it;  and  note  down  the  feet,  inches, 
and  parts  cut  by  the  upper  edge  of  the  v-ane ; 
which  suppose  to  be  Sfeet  8.4  inches  :  To  this  add 
the  difierence  3  feet  0.6  inches,  and  the  sum  fl  feet 
fl  inches  reserve. 

Now  direct  the  telescope  to  the  atafTat  B.  lenel 
it,  and  direct  your  assistant  to  move  the  vane,  till 
the  hair  cuts  the  middle  thereof;  and  then,  if  the 
upper  edge  of  the  vauc  cuts  the  foregoing  sum  fi 
feetOinches,  the  hair  and  bubble  are  truly  adjust- 


> 
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^.  "But  if  not,  say,  As  BD  less  4D,  is  to  the 
dilTer  nee  between  ttie  numbers  cot  by  the  upper 
edfje  of  the  vane,  anH  the  number  6  leet  9  inrfies ; 
so  is  tlie  ffi«tance-^D  to  a  number,  which  added 
to  that  cut  by  the  vane,  vf  hen  less  tfafln  6  feet  9, 
and  subtracted  from  the  number  cut  by  the  vane, 
wheii  it  is  greater  than  6fpet  9,  will  give  a  number 
, to  which  let  iheassisifint  fix  the  vane  ;  then  bo  ele- 
vate or  depress  the  hair  or  the  bubble,  lilt  the  hair 
.cuts  the  middle  of  the  vHue  atB,  aud  the  bubble 
stands  in  the  middle  of  the  divisions  ;  for  then  the 
ievei,  will  be  adjusted.  The  operation  may  b^  again 
repeated,  and  at  every  station  crnss-levelied,  which 
will  confirm  the  formeindjustment. 

Or  it  will  be  still  better  to  set  the  station  stavta 
cqnally  distant  from  the  lastnunent  (suppose  about 
-lo  or  20  (lerches  each)  at  an  angle  of  about  6o*  or 
soaslofonu  nearly  an  equilateral  triangle  therewitfi, 
and  level  the  9  vanes  {j  and  B  fig.  5.)  as  tiefore, 
which  will  he  then  both  in  the  same  honzunlal  level* 
whether  the  instrument  be  right  adjusted  or  not, 
because  one  will  be  as  much  above  or  below  the 
true  level  of  the  instrument,  as  the  other,  being  in 
the  satnffdistance  from  it  ;  then  remove  the  instni- 
inent  as  near  as  mny  be  lo  one  o(  themt  suppose  A, 
and  raise  or  lowerthe  vune,^lo  the  exact  level  of 
the  visual  ray  iu  the  instrument,  noting  precisely 
bow  much  it  is  moved,  and  have  the  other  vane  ■» 
move  just  as  much,  in  order  to  bring  them  again  to  ■ 
level,  allowingfor  the  correction  of  the  ai)parent 
lc\'clif  it  .be  a  sensible  quantity;  then  adjifst  the 
^  ins^tnent  to  the  level  of  %he  v&at  at  J3. 

To,adjust  the  rafter  level  (plate  13  fig  &)  which 
'may  be  10,  1 '3,  or  li  feet  inthe  span //5;  setit 
>  'OnaplaukOT  hardground  nearly  level,  and  mark 
Pp 


I 

i 
I 

I 


I 

I 

I 
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where  the  plumb  line  cuts  the  beam  m*i,  suppose  A' 
c,  ihen  invert  the  posilion  by  settiug  Ihe  locil  J  in 
the  place  of  ^,and^  intliat  of  ^,  marking  where 
the  line  now  cuta.  as  at  f ;  the  middle  poipt  between 
c  and  e  will  be  the  true  levelling  mark. 

To  continue  a  le%'el  course  with  this  instrument* 
set  the  loot  A  to  the  starting  place,  and  more  S  up- 
ward or  downward  towju-d  D  or  E,  till  the  point  S 
be  determined  and  marked  for  a  level  with  ^.  then 
cairy  the  Fostrument  forward  in  the  direction  of  C 
till  the  foot  Crests  at  Jt,  whence  the  poiiit  C  is 
levelled  as  before,  &c.  Sights  may  be  placed  at  r 
and  £,and  the  instrumentadjusted  to  them,a3  before, 
by  reversing  tliem  in  the  direclion  of  some  distant 
object. 

Afler  the  instrument  is  duly  adjusted,  you  may 
proceed  to  use  it.  Let  the  exjunple  be  this  an* 
jiexed  (fig.  7.)  where  A  every  where  represents 
the  level,  and  B  the  station  staves  ;  and  suppose  the 
route  be  made  from  atoej  first  plant  the  instru- 
ment between  the  staves  a  and  & :  at  A^  direct  the 
level  \oaB>  bring  the  bubble  to  the  middle  of  the 
divisions,  and  instruct  your  assistaat  8o  to  place  the 
\'anc,  tliat  the  hair  in  the  telescope  cats  the  middle 
of  the  vane,  then  in  a  book  divide  into  two  co- 
limins,  the  one  entitled  Backsights,  Uie other ^rf 
sighU,  enter  the  feet,  inches,  and  partscut  by  the 
upper  edge  of  the  vane  at  a  ^,  in  the  colurau  in- 
titled  Back  sights. 

Then  look  toward  the  other  staiTA  B,  bring  fbe 
bubble  to  the  middle  of  the  divisions,  nnd  direct 
your  assistant  to  place  the  vane  so,  that  the  hair 
cuts  the  middle  of  the  vane  ;  then  enter  the  (eet, 
inches,  and  parts  cut  by  the  upper  edge  of  the  vaae. 
iri  thecolumnof  Foresights- 
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Now,  plant  the  iratrament  tst  A^t  Btill  keeping 
the  staff  ^3  exactly  in  the  same  place,  and  carry 
the  staff  tf  19  forwards  to  the  place  cB  ;  now  look 
back  to  the  ataff*6i?,  and««nter  the  numbers  cat  fay 
the  vanai  there  under  the  tide  Back  sighfg  ;  then 
lookfitalMtfds  to  cBf'BxaA  enter  the  observation 
under  the  title  Fore  s^ht9. '  Do  the  like  wh^  the 
instrument  is  planted  at  A^,  A\  &c.  always  tak- 
ing care  to  keep  the  staff  in  the  same  place  when 
you  looked  at  it  for  a  Fore  sights  till  you  haTe^o 
tak^  Willi  it  a  Back  sight. 

m 

Having  fifiished  y6ar  level*  add  up  *t1ie  column 
of  Back  rights  into  one  'sum,  and  the  coltimti  of 
Fore  sights  also  into  one  sum ;  and  the  difference 
between  these  sums  is  the  ascent  or  descent  re- 
quired. And  if  the  sufai  of  the-  Fore  sights  be 
greater  than  the  sumc^f  the  Batk  sights  then  ^  is 
Kiwer  than  a;  but  if  the  sum  of  the  ForesigMi 
be  less  thaxi4he  sum  of  the  Back  tightsy  e  is  higher 
than  a.  ^or  example  let  the  numbers  b^  as  in  the 
felloinngtable. 


Back  9ight9, 

* 

Fore  tight 

t. 

.  Feet.        Inch. 

Tenths. 

Feec 

•  Inch. 

Tenths 

3.7, 

i         5 

.      6 

4 

t        -5 

4.6, 

8 

8 

3 

f         3 

S       .         0       , 

3    '• 

■      '5 

4       J 

>        J 

9.5, 

b 

■■'■    s-- 

7      . 

f         « 

1.0, 

7 

9 

4      1 

}         8 

34       .          S       , 

2     . 

38 

^           ! 

t         0 

■ 

34 

-         B       , 

>         3 

13 

4 

a 

Henctthe  descen 

It  is 

i; 

4 

•              4          1 

»      a 

39S  OF  LEVELtlNG. 

.p.  ObservatiMS. 

\.  Alt']  if  the  distances  thus  taken  are  short, 
curvature  of  the  eArtt  oiay  be  rejecJed      For,  if 
the  distance  from  itie  iiiBiruraent   he  every  wliers 
about  100  yards,  all  the  curvatareft'tii«iDtie's 
will  be  less  than  half  an  inch. 


a 


9.  If  the  distance  from  the  instruntest  to 
hindermnst  etalT,  !«  every  where  equal  to  the  dis> 
tance  from  the  instrument  to  the  corresponding 
stalT;  the  curvature  of  the  earth,  and  the  minute 
errors  of  tJie  instiument  will  both  be  dwtroyed. 
Hence  it  will  be  much  best  to  set  the  instruraeal  ai 
equally  dist.ant  from  boLli  staves  aB  may  be. 

3.  If  the  distances  of  the  instrDment  fmtn  the 
staves,  be  very  nneqital  and  very  long,  the  corva* 
turea  must  be  accounted  tor,  ana  the  dutanoeS'  Hi 
order  thereto,  must  be  measared. 

■4.  Therefore  it  appears,  that  the  beat  tsetbod  to 
take  a  level  is  to  measure  the  several  distancfs  from 
the  inalrument  to  the  back  and  forward  station 
staves  ;  and  enler  them  in  the  fleld-botrit,  accord- 
ing to  the  titles  of  their  several  columns,  as  in  the 
following  exam  pie;  and  correct  the  heiehtsfrom  ibc 
table  of  allowances,  which  may  be  done  kt.lkome 
vrhen  you  are  about  to  sum  up  the  heiglttfl. 


\ 
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i»ght^  Coxrectod. 


IficlHSB; 


IW  1  |l" 

?,17 
%^ 

9y50 

8,63 
10,28 

57,81 
46,4r 
II J  .■    II  ij 


/  • 


So  that  the  hVk  in  68  chaiins  is  abooit  tl  inqh 
and  J  of  aa  inclk 


Lastly,  Thoagh  bitliertawc  have  Goniidece4  tfcf 
level  with  one  telescope  oiUyft  the  same  observa- 
tions may  be  applied  to  a  level  with  a  double  te- 
lescooe ;  and  I  would  advise  thofif  who  use  the 
double  telescope,  at  every  station  to  turn  that  end 
of  the  telescope  forward,  wbfch  before  was  the  con- 
trary way. 

jt  more  general  method  qf  hvelliw  atUfi$ed  to  /^c  fVfffy* 
ingvf  roada  and  hilty  ground  ia  exf&tted  in  iheJiMminf  ^^- 
MfUtf  in'tMeh  the  n^eaoureo  mre  gi>9en  im  Mn. 

m  I 

Reqtured  the  bearing  and  distanee  of  die  place 
£  irom^,  and  its  perpendicular  ascent  or  d^sioefltf 
ftiyive  or  below  the  hohwnCal  level  of  A, 
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gijCourflc  or  lElev.  or 
pf  Beating    Dcpres. 

~AS  E  79"T5] D  17-lT 

"  «■  N  E  7S  00|D  2  I   45 

.iNIiSCi  30lE  U  00 

VS  E85  liJD  n  30 

jS  Ero  OolE  13  IS 


ow. 

Hor 

Ukt 

Dial. 

73« 

6B* 

63i 

976 

947 

93<; 

911 

630 

5SS 

3948 

3783 

Perpcn.  jDif.jDe- 
Ascent.  |Lut.|{wrL 

61:: 

730 
90fi( 
54£ 


236.1 

304.0     1 300 


AsDif-Lat.  622 

Is  to  radius  S.  SO". 
SoisDep.3492 

ToT.Bear.79«'54', 


AsS.  Bear.  79^45' 
Is  to  Dep.  3493, 

So  is  radius  S.  90° 
To  Dist.  3647. 


I 


As   100  links :  66  feet :  :  917.6  links :  145.6  J 
feet,  the  descent  H  below  tbe  level  oi  A.  '  " 

Hence,  B  bears  N.  79*  54'E.  from  J\ 
Nearest  boriz.  dist.  3547  links.  | 
Sum  of  obi.  (list.  3948  links.  Wuw. 
Sura  of  boriz.  dist.  3783  links,  j 
Feri).  desc.  217.6  L,=  143.6.  F.J 

Witb  the  angular  elevation  or  depreaaon  in  the 
third  column,  ajid  tbe  oblique  distance  in  the  fourth 
(as  course  and  distimce)  are  found  the  honzontol 
distance  iu  tbe  &iih,nati  the  perpendicular  ascent 
or  descent  on  the  sixth,  for  each  station  (as  differ- 
ence of  latitude  and  departure:)  then,  with  the 
bearing  andborizontal  distance  wegetthediilercnce 
of  latitude  and  departure  in  the  two  last  columns. 

The  ascents  and  descents  in  tbe  sixth  column  arc 
distinguished  hy  the  letters  E  and  D  in  the  third. 
signifying  elevation  ordepression  ;  and  bebg  added 
separately,  the  difference  of  their  sums  is  set  at  the 
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bottom  of  the  column  with  the  name  of  the  greater^ 
and  shews  tfie  perpendicular  descent  of  B  below  the 
horizontal  leVel  m  J. 

In  like  manner  the  northings  and  southings  in 
the  seventh  column  are  distinguished  bj  the  let- 
ters N  and  S  in  the  secoiid,  &c. 


PROMISCUOUS  QUESTIONS. 


The  perambalator,  or  surveying  wheel>  is  so 
contrived  as  to  turn  just  twice  in  the  length  of  a 
pole  or  l6i  feet;  what  then  is  the  diameter  ? 

2.626  feet. 

2.  Two  sides  of  a  triangle  are  respectively  90  and 
40  perches  ;  required  the  third  so  that  the  content 
may  be  just  an  acre  ? 

Answ.  either  23.  099  or  58.876  perches. 

3.  I  want  the  length  of  a  line  by  which  piy  sar- 
dener  may  strike  out  a  round  orangery  that  shall 
contain  just  half  an  acre  of  ground. 

Answ.  27|  yards. 
• 

4.  What  proportion  does  the  arpent  of  France, 
which  contains  100  square  poles  of  J8  feet  each, 
bear  to  the  American  acre,  containing  I60  square 
poles  of  16:5  feet  each,  considering  that  the  length 
of  the  French  foot  is  to  the  American  as  16  to  15  ? 

Answ.  as  5 1 2  to  605 
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'6.  Tlie  ellipse  in  Grovesner  square  measares  840 
links  the  longest  wn,y,  and  612  the  sliorteat,  within 
the  mils  :  uow  the  wall  being  14  incliee  thick,  it  is 
required  tofiad  what  qiiantily  of  ground  it  .inclo- 
ses, Hiul  how  much  it  stands  upon. 

Answ.  it  incloses  4 A.  6P.  and  stands  on  176(^ 
square  I'eet. 

6.  Required  the  dimensions  of  an  elliptical  acre 
with  the  greatest  and  least  diameters  in  the  propw- 
tionof  3  to  2?  ' 

Anaw.  17.479  by  11.653  perches. 

7.  The  paving  of  a  triangular  court  at  I8ti.  per 
foot,  came  to  100/.  The  longest  o(  the  three  sides 
was  88  feet :  what  then  was  the  sum  of  the  fidier 
two  equal  Bid6a'?  Answ.  10635  feet.  | 

~  8.  -In  1 10  acres  of  statute  measure,  in  which  "the 
pole  is'lf'i  leet,  how  many  Cheshire  acres,  where 
rthe  customary  pole  is  6  yawls,  sod  bow  owny  of 
Ireiaiid,  where  the  pole  in  use  is  7 yards? 

Answ.  99A.  IR.  28P.  Cheshire;  67A.  3R.  SoP. 
Irish. 

9.  The  three  sides  of  a  triangle  containing  6A. 
IR.  I2P.  are  in  the  ratio  of  ihe  three,  numbers,  9, 
8,  6,  respectively ;  required  the  sides ' 

'Answ.  59.029, 52.47,  and  39.553. 

10.  In  a  pentangular  field,  beginning  with  the 
south  side,  and  measuring  round  towards  iIk'  east, 
tbefirst  or8outh8ideis'3735!ink8,thceeconiI3lI5, 
the  third  3370,  the  fourth  '29'^5,  and  the  fifth  2■.^20; 
nlso  the  diagonal  from  the  first  angle  to  the  third  is 
3800  links,  and  that  from  the  third  to  the  fifth 
4010 ;  required  the  area  of  the  field  ? 

Answ.  1I7A.2R.38P. 


i 
i 

I 
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1 1 .  Required  the  dimenflions  of  an  oblong  gar- 
de n  containing  three  acres,  and  bounded  by  104 
perches  of  pale  fenofi.    f  ;   'i 

Answ.  40  perches  by  12. 


«i 


12.  How  many  acres  are  contained  in  a  sqosre 
flfieadow,  the  diagonal  of  which  is  20  perches  more 
than  either  of  its  sides. 

Answ.  4A.  2R.  IIP. 

13.  If  a  man  six  feet  high  travel  round  the  earth, 
how  much  greater  will  be  the  circumference  des- 
cribed by  the  top  of  Us  head  than  by  his  feet  ? 

Answ.  97.69  leet 
•  N.  B.  The  required  difference  is  equal  to  the  cirr 
ou  reference  of  a  circle  6  feet  mdios,  let  the  mag- 
nitude of  the  earth  be  what  it  may.  • 

14.  Required  the  dimensions  of  a  parallelogram 
containing  200  acres,  which  is  40  perches  longer 
than  wide? 

Answ.  200  perches  by  160. 

15.  What  difference  is  there  between  a  lot  28 

Crches  long  by  ^  broad,  and  two  ethers,  each  of 
ilf  the  dim^nvons  ? 

Answ.  lA.  3111^ 


• » 


•  ■  f . 
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PART  ni. 

Coittahdng  Ihf  jtetronomicat  mttAodt  ^  Jtru&ig  the  Laiin  , 
iitstrumcntv,u9C<t in  lAete optrattoru. 


SfeCTION  ! 


IHTBODLCTOitT  patpeirLKs- 

JL^AY  and  night  ariee  from  the  circumrotatio* 
61  the  Enrlh.  That  imaginary  line  »bout  which 
the  rotiition  is  performed,  is  called  the  Axis,  jind 
its  extremities  are  called  Poles.  That  towards  the 
most  remote  parts  of  Europe  is  called  the  North. 
Poie,aad  its  opposite  the  ^u^A  Pole.  ThcEai:lh's 
Axis  being  produced  will  point  out  the  Cekstial 
Poles. 

The  Equator  is  a  great  circle  on  the  Earth,  everj 
pnint  of  which  is  equally  distant  from  the  Poles; 
It  divides  tiie  Earth  into  two  equal  parts,  called 
Hemispheres  :  that  having  the  North  Pole  to  its 
centre  is  called  the  IS^orthern  Hmiisptere — and 
the  other,  the  Simthern  //tmUp/iere.  The  plane 
of  thifi  circle  being  produced  to  the  fixed  staxs,  ^^iU 
point  out  the  celestial  Equator  or  Equinoctial- 
The  Equator.as  well  as  all  other  great  circles  of 
the  sphere,  is  divided  intoSGO  equal  parts,  called 
degrees  ;  each  degree  is  divided  into  w  equal  parts, 
c^ed  minutes.i  imd  the  wxageiinial  division  is 
fwatinned. 


INTRODUCTORY  PRINCIPLES.     S99 

*  Note.  The  ancients  haviag  no  imtrumentB   bj 

WhicUtliey  could  make  observations  with  any 
tolerable  d^ree  of  accuracy,  supposed  the  length 
of  the  year,  or  annual  moLioa  ot  the  earth,  to  be 
completed  in  360  days  :  and  hence  arooethe  divi- 
aion  of  the  circumfereace  of  n  circle  iuto  the  same 
niuolterof  equal  parts,  which  they  called  degrete. 

The  Meridian  of  any  place,  is  a  aemi-circle  pas* 
sing  through  that  place,  and  termiuating  at  the 
Poles  of  the  Equator.  The  other  half  of  this  cir- 
cle is  called  the  opposite  Meridian. 

The  Latitude  of  any  place,  nthat  portion  of  the 
Meridian  of  that  placei  which  is  coutai  ned  betweea 
the  Equator  and  the  given  place ;  and  is  either 
^orrt  Or  5o«M,  according  a3  the  given  place  ia  in 
Nortbem  or  Southern  Heausphere,j  and  therefore 
eannot  exceed  90". 

The  Parallel  o{  LatitUtleof  any  place*  is  a  cir- 
^  passing  through  that  place,  parallel  to  the 
Efjoator. 

The  Difference  of  Latitude  between  any  two 
fbces,  is  an  arch  of  a  meridian  intercepted  be- 
tween the  corresponding  parallels  of  latitude  oC 
those  places.  Hence,  if  tl\e  places  lie  betweea  tha 
Equator  and  the  same  Pole,  their  difference  of  lati- 
tude is  found  by  subtractiag  the  Less  latitude  from 
tl^e  greater:  but  if  they  are  on  opposite  sides  of 
the  Equator,  the  Oiflerence  d  latitude  is  equal  to 
the  sum  of  the  latitudes  of  both  places. 

■  The  First  Meridian  is  an  imaginary  semicircle, 
H  •    paseiog  through  any  remarkable  pUce,  and  is  there* 

■  fore  arbitrary.    I'hus,  the  itrituh  esteem  that  to  be 

L 
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the  Piret  Meridian, -wlnc^  passes  thrrnifehtln'R' 
OJwervatorj'  at  Greenwich  :  antl  the  French 
on  for  their  First  Merifltan,  thrti  Vfhtrh  p 
through  tbe  Rnjal  ObsMYatorj' lit  Kiris, — Formerly 
niHiiy  French  geographers  reokonwl  the  lupriiliim. 
of  the  island  ot'  Ferm  to  lie  their  Frmt  Mertcfian'; 
and  others,  that  whieh  was  exictW 'Wde^eea'te 
the  wesl  of  the  Paris  Obsenatorj".  The  Gerfnan%,j 
•gain,  onnsitf' red  the  mertdijin  of-  the  Pe«k  d 
Teiwrifffrto  be  the  First  Meriiiian.  By  ttits  mfyfc 
of  reettoniHg,  Europe,  Asia,  Hrtd  .Africa,  aip  in  east 
bngittidt;  ;  and  North  arifl  Srnith  Atrlencfl,  in  wejft. 
longitude.  At  present,  the  lirst  nicridimi  of  ^nj 
countrj'  is  genprnlly  rsteemeil  (qbfcthpt  which; 
throu«4i  I  hip  principal  Observatory,  <#  chW 
that  country.  '■' 


i 


■  The Lnngitnde  of  Any  placets'  ffct  \ 
the  Etjuator  which  is  coutained  betttcen  the"flS 
meridian,  and   the   meridian  of  thatplsce:  apd « 
moally  reckoned  either  fijs/ or  n'trf,  according  a 
the  given  plnee  is  on  tbe  east  or  Wtst  side  of  the 
first  meridian  ;  and,  therefore,  cannot  exceed  IBQ^. 

The  Difference  of  Longihidc  between  any  ti 
places  is  the  intercepted  arch  of  the  Equator  I 
tween  the  meridians  of  those  places,  and  catiud 
exceed  ■J80*'.  '' 

There  are  three  difforent  Horizbitf.  tbe  ai^u^l^ 
the  seflaiWe,  and  the  true.  The  apparent  w  v 
Wp  Horizon  is  the  nttnost  apparent  vk-w  of  the  ! 
or  land.  Thesensible  is.i  plane  passing  thrmi^ 
the  eye  of  an  observer,  perjwndiciilar  to  a  plun 
line  hangingfreely  ;  And  the  true  Orrationnt  Koi 
zonisaplane  passing  tJirntigh  th^  centre  of  tfil 
Farth>  parallel  to  tbe  sensible  Horizon. 


I 
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AHUuilesnlMerved  at  sea.  are  meHStirH  Fmm  the 
"ffMble  Hon«on.  At  Und,  wben'an  afrfrnnrtiniual 
(fuwlrant  is  uced,  nr  when  ohwrvdtions  are  taken 
■Wilh  a  H«Jley'8  quadrant  livtbe  melli"d  ot  rellec- 
♦ion,  the  allrttide  in  meastired  from  t(j&  RfDillJe 
tinnma  i  tinti  in  either  case,  (lie  allituJe  must  he 
»du«d.lo  the  trufe  Horizon. 

The  Zenith  of  imjrgivM)  piwo*  Is  the  puint  iitf- 
mediately  ahove  th;it  place,  and  is.  lli^relijrei  the 
elevated  pole  of  the  Horixoii ;  The  Nadir  is  the 
HUhef  poie;  or  poiHl  diHirtetricatfy' o()pbwte.' 

■  /T'Verticftl  i«a  great  circle  passing  IhrouRh  tbe 
.  Z«^ith  Awl  Nadir  -i  atid.  therefore,  iutertecting  the' 

Horizon  at  right  angtes.  '    '■    i'     i.,  ■*    '  ' 

■  The  Al^adeof  anyeelts'iiaTbodyfe'iriKprffe^ 
ofa  Vertical; which  ia'coataincd  lietween  itaeenfre 
mid  thetTue  Hnhton.     Th*  Meridian  AUiltld*  ■Ml 

.  the  distance  of  the  oliject  from  the  true  Horizon, 
.  Trheri  on  ihe  MeridWn  ot'  the  plucle  of  ohservaljoo. 
When  the  observed  Altitude  is  correoteil  ior  the  de- 
pression of  (he  Horizon. ind  fheetroi-s  ftiisinafrom 
the  instrunienti  it  iacaliwi  the  apparent  AUlfudr ; 
and  when  reduced  to  the  true  Hoiixon,  hy  applying 
ihe  parallax  in  Altitnde,  it  is  called  the/rue  AUitadt. 
Altitude*  «re  etpresBcd  in-degreeB,  Aod  puta  o(  a 

■  J-Thfe  Zenith  DIslance  tk  any  ob}eel  is  Us  distance 
I  'from  the  Zenith,  or  the  complement  of  ita  AlUtudo. 

The  Declination  of  any  object  is  that  poitiori  of 
ita  mendian  «hich  is  contained  beHvcen  tlie  cfjni- 
notrtial  and  ibe  centre  of  the  object ;  aiid  is  either 
north orsoulh, according a»  the  stftris  between  ihc 
equinoctial  and  the  north  or  soutli  polt.-. 
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The  Ecliptic  is  that  great  circle,  in  which  the  an- 
nual revolution  of  the  Earth  round  the  Sun  is  per- 
formed, [t  is  so  named)  because  Eclipses  cuuiot 
lyippen  but  wlien  the  moon  is  in  or  near  that  circle. 
The  inclbation  of  the  Eclipticand  Equinoctial  isat 
present  about  '23'^  S8'  t  and  by  comparing  ancient 
with  modern  obseA'ationB,  the  obliquitj^  of  the 
Ecliptic  is  found  tobediraioishing — which  diminu- 
tion, in  the  present  ceuiui;.  18  about  half  a  second 
yearly.  ..^ 

Tb^  Eoliptic  Uke  all  other  ^at  drclei  of  tb(t 

sphere,  is  divided  into  360"  ;  and  is  further  divided 
into  twelve  equal  parts,  called  Signs:  each  Sign, 
therefore,  contains  30°.  Tlie  n^uues  and  charac- 
ters of  these  Signs  are  OS  foLUnvs : 

Aries,     r  Cancer,  *»  Libra,  ^  Caprloorou^  V 

Taurus,  ti  Leo,  ii  ScorpiQ,  ni  Aquarius,  — 
GcmiiUi  [3  Virgo,   >vSa£;ittariu«i/ Pisces,  K 

Since  the  Ecliptic  and  Equinoctial  are  great  cir- 
cles, they,  therefore,  bisect  each  other  lu  two  points, 
which  are  called  the  E'fuitiovtiai  Points.  The  Sun 
ia  in  one  of  these  points  in  March,  and  in  the 
other  in  September;  hence,  the  first  is  called  the /V- 
val,  and  the  otlier  the  Autumnal  Equinox — and 
that  sign  which  begins  at  the  Vernal  Equinox  ia 
called  Aries.  Those  points  of  the  Ecliptic,  which 
are  equidistant  from  the  equinoctial  |X>inls,  are  call- 
ed the  Solstitial  Pontta  i  the  Jirst  the  summer,  and 
the  second  the  winter  solstice.  That^;real  (Urcls, 
which  passes  through  the  equinoctial  points  and  the. 
poles  of  the  earth,  is  called  the  E^^uinocliai  Coiurc  : 
and  the  great  circle  which  ]  asses  tlirougb  the  sol- 
stitial points  and  the  poles  of  Cb«  earth,  is  called  the 
Solslititil  Colwe. 
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When  the  Sun  enters  Aries,  it  ia  in  the  Kqui- 
noctial  ;  and,  therefore,  has  no  declination.  Frfwn 
thence  it  movM  forward  in  the  Ecliptic,  according 
to  the  order  of  the  mgns,  and  advajices  towards  the 
north  pole,  by  a  kind  of  retarded  motion,  till  iten- 
■  tera  Cancer, '  and  is  then  most  distant  from  the 
■Equinoctial  ;  and  moving  forward  in  the  Ecliptic, 
"lie  Sun,  apparently  recedes  from  the  north  pole 
nth  an  accelerated  motion  till  it  enters  Libra,  and 
being  again  in  the  Equinoctial,  has  no  declination  ; 
the  Sun  moving  through  the  signs  Librai  Scorpio, 
and  Sagittarius,  enters  Cappicom  ;  and  then  its 
south  declination  is  greatest,  and  is,  therefore,  most 
distant  from  the  north  pole  ;  and  mo\'ing  forward 
tbroQgb  the  signs  Capricorn,  Aqu&rios,  and  Pisces, 
again  enters  Aries:  Hence,  a  period  of  the  seasons 
13  completed,  and  Uiis  perio(J  is  called  a  Solar  A'enr. 

The  signs  Aries.  Taurus,  Ceraini,  Cancer,  Leo, 
and  Virgo,  are  called  Northern  Signs,  because 
they  are  contained  in  that  part  of  the  Ecliptic  which 
bet^veen  the  Equinoctial  and  North  Pole  ;  and. 
lerefore,  while  the  Sun  is  in  these  signs,  its  declj- 
nation  is  iwrlb:  the  other  six  signs  are  called 
Sonthtrrn  SigTis.  The  signs  in  the  first  and  fourth 
qoarters  of  the  Ecliptic  arecalled  Ascending  Signs  : 
oecause,  white  the  Sun  ia  in  these  signs,  it  ap- 
roacfaesthc  north  pole — and,  therefore,  in  the 
lorthcrn,  temperate,  and  frigid  zones,  the  Sun's 
aeridian  altitude  daily  increases  ;  or,  which  is  th» 
same,  the  Sun  ascends  to  a  greater  height  above  the 
horizon  every  day.  The  signs  in  the  second  and 
third  qowtera  of  the  Ecliptic  are  called  Descending 

The  Tropics  are  circles  parallel  to  the  Equinoc 
I,  whose  distance  therefrom,  is  cqttal  to  the  oWi- 
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qnity  of  the*  Ecliptic.  Tti*  Nortliern  Tropic 
touches  the  Eclipic  at  the  beginnrng  of  Cao^r, 
and  iti,  there)'"**,  called  the  Iropir  of  Caiicer  i  fuid 
the  Southern  Trojiic  tmicfaps  the  Ecliptic  at  the  be- 
git'iiing  nf  Capricorn,  ami  is  hence  i:ajied  (be 
'J'rofnc  ofCupTicorn. 

Circles  about  the  poles  of  the  Equinoctial,  and 
passing  through  the  poles  of  the  Ecliptic,  are  call- 
ed Polar  C  ircles ;  the  distance,  I  hcrelore,  ol  each 
PolarCircJe  from  its  respective  Pole,  is  erjuBl  to 
the  iifclioation  of  the  Ecliptic  and  Eqtiinoclial, 
That  (  ircle  which  circumscribes  llif  North  Pole  ib 
called  the  Artie,  or  IVarih  Polar  Circle  ;  trnii  fbat 
towards  the  South  Pole,  the  Antariic,  or  South 
Polar  Circle. 

That  scmicirc'e  which  passes  through  a  sfar,  a 
any  given  {Kiiot  ol  the  heavens,  aod  the  Poles  of 
the  Ecliptic,  ia  called  a  Circle  of  Latitude. 

Tlie  Reduced  Ptaoe  of  a  Staris  that  point  nC  the 
Ecliptic,  which  is  inicrtiected  b^  the  circle  of  lali' 
ftide  passing  through  that  star. 

The  Latitude  of  a  Star  la  that  portion  of  the 
circle  of  latitude  contained  between  the  Hiar  and 
its  reduced  place — and  is  either  noiAh  or  sittUbt  «C- ' 
cording  as  the  Star  in  between  the  Ecliptic  and  the 
4orth  or  south  pole  thereof. 

The  Longitude  of  a  Star  is  that  portion  of  tlw 
Ecliptic,  coutaiaed  between  the  Vernal  F^uinax 
and  the  reduced  place  of  the  Star. 
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XT  is  generally  allowed  that  we  are   indebted  to 

John  Hadl'>y,  Esq.  for  the  mvention,  or  at  least  for 

the  first  publicaccoiin'  Of  that  admirable  inatruraent* 

cominonlycalledHadley'BQuadrant.whoinlheyear 

173!,  first  communicated  its  principles  to  the  Royal 

Society,  which  were  by  them  puhlished  soon  after  in 

their  Philoaoph^calTransnctinns-.beforethin  period, 

theC'ross  Slafl'and  Davis's  Quadrant  were  the  only 

■^instruments  uf-ed    for  measuring  altitudes  at  sea, 

•Mwth  very  imperfect  and  liable  to  considerable  error 

J*  in  rough  weather  ;  the  eirprrior  excellence  however 

rof  Hadley's  Quadrant,  soon  obtained  its  general 

jTise  among  seamen,  and  the  many  improvements 

lathis  instrument  has  received  fmm  ingenious  men 

"  at  various  times,  hap  rendered  it  so  correcl,  that  it  is 

■no V  a|)piied,  with  the  greatest  success,  to  the   im- 

|)ortantpiir|jose3  of  ascertaining  both  the  latitude 

and  longitude  at  sea.nr  land. 

The  Octant  or  Frame,  is  generally  made  of 

['ebony,  or  other  hard  wood,  and  consists  of  an  arch 

■firmly  attached  to  two  rudri,   or  bars,  wt<ioh  ai-e 

Strengthened  and  bound  by  the  Iwo  braces,  iu  or- 

derto  prevent  it  from  w;trping. 

Kr 
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The  Arch,  or  Limb,  although  only  the  eighd 
part  of  a  circle,  is  on  account  of  tiie  double  reHet 
tion,  divided  into  90  degrees,  numbered  0, 
30,  &c.  from  the  right  towartia  theleft ;  these  aresu^ 
divided  into  3  parts,  cnntaining  each   20  miuutoi 

*hich  are  again  subdivided  into  single  minutes,  b^ 

moans  of  a  scale  at  the  end  of  the  Index.  Thft 
arch  extendine  from  0  towards  the  right  l»nd  is  call- 
ed the  arcU  of  excess. 

The  Index  is  a  flat  brass  bar,  that  turns  on  the 
centre  of  the  instrument ;  at  the  lower  end  of  tho 
Index  there  is  an  oblong  opening  :  to  one  aide  i^ 
this  opening  a  Nonius  scjile  is  fixed  to  subdivia 
the  divisions  of  the  arch  ;  at  the  bottom,  or  end  ^ 
tbc  index,  there  is  a  piece  of  brass  which  trends  iii^ 
derlhearch,  carrying  a  spring  to  make  the  Nonisj 
scale  lie  close  to  the  divisions  ;  it  is  also  furuishe^ 
with  a  screw  to  fix  the  Index  in  any  desired  j 
tlon. 

Some  instruments  have  an  adjuslUig  or  taiigent- 
tcrew,  fitted  to  the  Index,  that  it  may  be  moved 
more  slowly,  and  with  greater  regularity  and  accu- 
racy than  by  tJ  e  band ;  it  is  proper,  however,  to  ob- 
serve, that  the  Index  must  be  previously  fixed  near 
its  right  position  by  the  above  mentioned  screw,  be- 
fore the  adjusting  screw  is  put  in  molioQ. 

The  Nonius  Is  a  scale  fixed  to  the  end  of  xb» 
Index  for  the  purpose,  as  before  observed,  of  di^'t(:h 
ing  the  subdivisions  on  the  Arch  into  Minutes  ^j" 
aomcTinips  contains  a  space  of  7  degrees,  or  Ql  avU 
divisions  of  the  limb,  and  is  divided  into  ^  eqm 
parts;  hence  each  division  on  the  Nonius  wilt  b 
one-tweiitieth  part  greater,  that  is,  one  minuQJ 
longer  Ihauthe  divisions  on  tJie-'Vrch  jconsecjucnj 
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ly,  if  the  first  division  of  the  Nonius,  marked  0, 
I  IJeset  precisely  opposite  to  any  degree,  the  relative 
position  of  the  Nonius  anil  the  Arch  must  be  al- 
tered oDe  minute  heforc  the  next  division  on  the 
Nonius  will  coincide  with  the  next  division  on  the 
Arch,  the  second  division  will  require  a  change  of  ^ 

Br     S  minutes,  the  third  of  3  minutes,  and  so  on,  till  ^| 

ft    the  QOtli  stroke  on  the  Nonius  arrives  at  the  next         H 
^k  SO  minutes  on  the  Arch  ;  the  0  on  the  Nonius  will  ^M 

^K-ihen  have  movedexactly^  minutes   from  the  di-  H 

^V vision  whence  it  set  out,  and  the  intermediate  dt^  ^M 

^B-Visions  of  each  minute,  have  been  regularly  point-  H 

^■•ed  out  by  the  divisions  of  the  Nonius.  ^| 


The  divisionsof  tlie  Nonius  scaleare  in  the  above 
casereckoued  from  the  middle  towards  the  right, and 
from  the  left  towards  the  middle ;  therefore  the  first 
10  minutes  are  contained  on  the  right  of  the  0,  ao^ 
theother  lOonthelett.  But  this  method  ot  reckon- 
ing the  divisions  Iwing  found  inconvenient,  they 
I  arc  more  generally  counted,  beginning  from  the 
right-hand  towards  the  left;  and  then  20  div'tsioni 
on  the  Nonius  are  equal  to  I  Don  the  limb,  conse- 
quently one  division  on  the  Arch  will  exceed  one 
on  the  Nonius  by  one-tweuticth  part,  that  is,  one 
piinute. 
I 
Z 
th 
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The  0  on  the  Nonius,  points  out  the  entire  d&. 
^  "grees  and  odd  twenty  minntes  subtended    by    the 

objects  oljBer\'ed  ;  and  if  itcoincides  with  adivislon 
;  ;on  the  Arch,  pointsout  the  required  anjjle  :  thus, 
I  Buppoee  theOon  the  Nonius  stands  at  25  degrees, 
^  then  25  degrees  will  be  the  measure  of  the  niigle* 
I  observed  ;  if  it  coincides  with  the  next  division  oa 
'  the  left  hand,'25  degrees  50miuutes  is  the  angle  ; 

if  with  the  second  division  beyond  25  degrees. 
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th'U  the  angle  will  be  'i5  degrees  iO  rainwtM: 
go  na  in  every  inB'a-'cc  whereilie  Onn  ihe  Nni 
CO  ncides  with  a  dtvisinn  on  the  Arch  ;  IkiI 
jiot  coincide,  then  look  fora  divtffian  on  Ihe  Nonim 
that  stands  directly  opposite  to  one  on  theArch.and 
tlial  division  -in  the  Nonius  gtvea  the  odd  mimiics  to 
Iwaddfdto  that  on  the  Arch  nearest  the  right  Imnd 
ol  liie  0  on  fhe  Nonius  ;  for  example,  snjipoEe  the 
Iij()ex  division  does  not  coincide  with  '^5  dcRtees, 
bui  that  the  next  division  to  it  on  the  Nonius*  is 
the  first  coiiicideni  division,  then  is  the  required 
Angle  95  (iegrees  !  mincte  ;  ii  it  had  hceii  the  i 
coi id  division,  llie  Angle  would  have  been  9S  ( 
g'Fea  '2  minutes,  and  so  on  to  <iO  minutes,  wb_ 
the  0  on  the  Nonius  tronid  coincide  >vith  the  fiM 
20  minues  on  ihe  A'ch  from  '25  degrees  Again»l 
let  us  aupp'^se  the  0  oi)  llie  Nonius  los'amlh^l 
tween  50  degrees  and  50  degrees  QO  minutes.  no4.  i 
thjtt  the  l.'Jth  division  nn  the  Nonius  coincides  with, 
a  division  on  the  Arch,  then  is  the  angle  50  degrees 
ISmimUea.  Further,  let  the  0  on  thi?  Nonius 
stand  between  W  degrees  ^  m  nutes  and  4o  de- 
grees 40  minutes,  and  lit  thp  same  time  th"  Htbdivi- 
sion  oti  the  Nonius  sfiinds  directly  opposite  to  a  di- 
vision on  the  Arch,  then  will  the  Angle  be  45  '  ~ 
g;recs34  minuies. 

The  FndexClassis  a  plane  speculum,  or  min 
of  glass  quicksilvered,  set  in  a  brass  Irame,  and  i 
|)laccd  that  the  face  of  it  Is  perpendicular  to  1' 
plane  of  the  instrument,  and  immcdiaiely  ovcrtii] 
c<  litre  ol  nioti  n  of.tlie  Ii'dex  This  mirror  lieu; 
fixed  to  the  Indexmovs  along  with  it.  and  has 
tbrection  changed  by  the  motion  thereof. 

This  glass  is  designed  to  reflect  the  image  of  t|| 
Sua,  or  any  other  oliject.  ui-cd  either  ot  the  t^ 
horizon  glasses,  irom  whence  ills  reflected  to  t^ 
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ejre  rif  the  ohscirer.  The  brass  frame,  with  the 
gluAs,  is  lixecl  tolbe  IiideK  bj  theacretv  ;  tlic  other 
gcrew  sen'es  to  piftce  it  in  n  perpendicular  positicm, 
if  ty  any  acddeat  it  has  been  put  out  ol'  order. 

Tlw  Horizon  GiasseB  are  two  small  speculum* 
on  the  titdtus  of  the  Octant  ;  the  tiurfacc  nt  the 
upper  one  ta  parail'  I  to  tlic  Index  j^uas  when  the  0 
oa  the  Nonius  is  at  0  on  the  Arch  ;  these  mirrors 
receive  the  ra^s  of  the  oliject  reflected  from  the 
Index  glit^s,  and  trunsmit  tliein  to  the  ohsener. 
The  fore  liorizon  glass  is  only  silvered  on  its  lower 
baUi  the  upjwr  liuiV  being  triins{iareut, in  order  thut 
the  direct  object  may  he  seen  through  it.  The 
back  Horizon  glass  is  silvered  at  both  ends  ;  in  the 
middle  there  is  u  transparent  alit,  through  which 
the  Horizon  may  be  sem.  Each  of  these  glasses  is 
set  in  a  broxa  frajne,  to  which  there  is  an  axis  ;  this 
axis  (tasses  through  (he  wood  work,  and  is  fitted  to 
a,  lever  on  the  under  side  of  the  quadrant,  by  which 
the  glass  may  1»  turned  a  few  degrees  on  its  axis, 
in  order  to  set  it  parallel  to  the  Index  glass. 

Toset  the  glasses  perpendicular  to  the  plane  of 
'  tlie  quadrant,  there  are  two  suDk  screws,  one  he- 
fore  and  one  behind  each  glass  :  these  screws  pass 
thnugh  the  pkteon  whichlheframe  is  fixed  into 
another  pUte,BOthat  by  lonseningoneand  tighten- 
ing the  other  of  these  screws,  the  direction  of  the 
frame,  with  its  mirror,  may  be  altered,  and  (has 
beset  pej'pendiculiir  to  the  pUme  of  the  instrument. 

The  Dark  Glasses,  or  Shades,  are  used  to  pre- 
vent the  bright  rays  of  the  Sun,  or  the  glare  of  the 
Mnon,  from  hurting  the  eye  nt  the  time  of  obeer- 
vatioD;  theie  are  rj^ncritlly  three  of  them,  two  red. 
and  one  green.    I'hey  are  each  set  in  a  brass  framc' 
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whicbfani  on  a  centre,  so  that  they  may  he-  ntd 
!jeuftra(ely  or  together,  as  the  brigiitness  of  the 
objt%t  may  require.  The  green  glass  may  be  used 
also  alone,  if  ihe  Sun  be  very  faint ;  it  is  jikeiviaa 
used  in  taking  observations  of  IlieMoon;  when 
these  glasses  are  used  ftw  the  iore  observation,  they 
are  set  imropdlalely  before  the  fore  Horizon  glass, 
but  ill  froiu  of  the  other  Horizon  glass,  wtwn  a 
back  observaLioa  is  made. 

The  SightVanes  are  pieces  of  brass,  standing 
perpejidicular  to  the  plane  ol  the  instrument :  that 
one  nrtiich  is  opposite  the  fore  horizon,  ii^  called  ifie 
fore  Sighl  Vane,  the  other  Ihe  back  Sight  Vi.ne. 
There  are  two  holes  in  the  fore  Sight  Vane,  the 
lower  of  which,  and  ttie  upper  edge  of  the  silvered 
part  of  the  fore  Horizon  glass,  are  equidistant  from 
the  plane  of  the  instrument,  and  the  Other  is  oppo- 
site tn  the  middle  of  the  transparent  part  of  tliat 
glass  ;  the  back  Sight  Vane  has  ox\\y  one  hole, 
which  is  exactly  opposite  to  (he  middle  of  the 
transparent  slit  in  the  Horizon  glass  to  which  it  be- 
longs: but  as  the  back  observations  are  liable  to 
many  inconveniences  and  errors,  weshall  not  gve 
any  directions  for  their  practice. 

ADJUSTMENTS. 

The  several  parts  of  the  Quadrant  being  liaUe 
to  he  out  of  order  from  a  variety  of  accidental  ci^ 
cum8tanceR,)t  is  necessary  to  examine  and  adjust 
them,  so  that  the  instrument  may  be  put  into  a  pro- 
pers tate,  previous  to  taking  observations. 

An  instrument  projjerlyadjusted,  must  have  the 
Index  glass  and  ilorizon  glasses  jerpendicuUr  to 
the  plane  of  the  Quadrant ;  the  plane  of  the  tore 
Horizon  glass  parallel,  and  thatol  the  back  Horizon 
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glass  perpendicular  to  the  plane  of  the  Index  glass, 
when  the  0  on  the  Nonius  isatOon  the  Arch  ; 
lience  Uie  Quadrant  requires  five  aljuatments,  the 
iirsl  three  of  which  1)eing  once  made,  are  not  bo 
liable  as  the  last  two  to  he  out  of  order  ;  however 
they  should  all  be  oocasionftlV  examined  iu  case  of 
an  accident. 

I.  To  Mtl  the  Plane  of  rhf  Jmhx  Glatt  fitrfiendieular  (u  thttt 
'ff  Iht  Irittrumtnl. 

Place  the  Index  near  to  the  middle  of  the  Arch, 
and  holding  the  Quadrant  ina  horizontal  po8ition> 
with  the  Index  gla:*8  close  to  the  eye,  look  oblique- 
ly down  the  ginssi  iu  such  a  manner  that  you  may 
see  the  Arch  of  the  Quadrant  by  direct  view,  and 
by  reflection  at  the  same  time  ;  if  they  join  in  one 
direct  line,  and  the  Arch  seen  by  rellection  forma 
an  exact  plane,  or  tftrait  line,  with  the  Arch  seen  by 
direct  view,  the  glass  is  perpendicular  to  the  plane 
of  tile  Quadrant  ;  if  not,  it  must  be  restored  to  iti 
right  position  by  loosening  the  screw,  or  Ligbtea- 
iog  it,  or  vice  rarsa,  by  a  contrary  operation. 


11.  To  act  Ike  Fore  ITorison  GUua  fiaruttrl  tv  the  Index  Qlaiit 
the  Index  teing  al  0. 

Set  theO  on  the  Nonius  exactly  against  Oon  the 
Arch,  and  fix  it  thereby  the  screw  at  the  under 
side.  Then,  holding  the  Quadrant  vertically,  with 
the  Arch  lowermost,  look  through  the  Sigh  t  Vane, 
at  the  edge  of  the  sea,  or  any  other  well  defined 
and  distant  object.  Now,  if  the  Horizon  in  the 
sdvered  part  exactly  meets,  and  forms  one  continu- 
ed line  with  that  seen  through  the  unaiKcred  part, 
the  Horizon  glass   is    parailel  to  the  Intiesgtnss. 
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LBat  if  the  Horizons  do  not  coincide,  then  loosen  the      -^M 
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the  button-8cnew  in  the  middip  of  the  tever,  ©a 
tiw  under  side  of  the  Quadrnnt,  and  move  the 
Ronton  glwB  on  its  axis,  hy  tuFDiiig  the  nul  at  tht 
end  of  the  ftdjiii^ling  lever,  till  you  have  nmdef  hem 
perfectly  coincide  ;  tbeti  fix  the  lever  firmly  in 
this  mtuotion  by  tightening  the  button-screw.  This 
aitjustraent  ought  to  be  reijcated  before  and  after 
every  obsenation.  Some  ohscrvera  adopt  the  f»J- 
lowJug  method,  which  is  called  finding  the  fndcir 
error.  Let  the  Horizon glassreraaiufixed,  ami  move 
the  Index  till  the  imageand  object  coincide  ;  then 
Qhservewhetlier  0  on  the  Nonius  agrees  \vith  0  on 
the  Arch,  if  it  does  not,  the  number  ol  rainutes  by 
which  they  differ  is  to  be  added  to  the  observed  al- 
titude or  angle,  if  the  0  on  the  Nonius  be  to  the 
right  ot  the  0  on  the  Arch,  hut  if  to  the  left  of  tt» 
0  on  the  limb,  it  is  to  be  subtracted. 


Ithasalready  been  olwened,  thai  that  part  ofti 
Arch  beyond  0,  towards  the  right  band,  is  call< 
the  Arch  of  excess  :  the  Nonius,  when  the  0  oo  ii 
is  at 'hat  part,  must  he  read  the  contrary  way,  or 
which  ia  the  same  thing,  ynu  may  read  on  the 
minutes  in  the  usual  way,  and  then  their  comple- 
ment to  '20  minutes  will  bo  the  real  number,  In  be 
added  to  the  degrees  and  minutes  pointed  out  by 
the  0  on  the  Nonius. 

III.    To  »et  Ihr  Forf    Horiion   Glass  fierfiendicuiar  l 
Plane  of  the  Quadrant. 

Having  previously  made  the  above  adjustment«J 
incline  the  Quadrant  on  one  side  as  much  as  posa-| 
ble,  provided  the  Horizon  continues  to  be  seen  inl 
both  parta  of  the  glass  ;  if  when  the  instrument  m  I 
thus  inclined,  the  edge  of  the  sea  seen  through  Ihej 
lower  hole  of  the  Sight  Vane  continues  t^Ufll 
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one  unbroken  line,  the  Horizon  glasd  is  perfectly 
jAdjusted  ;  but  if  the  reflected  Horizon  be  separat- 
ed from  that  seen  by  direct  vision,  the  speculum  is 
not  perpendicular  to  the  plane  of  the  Quadrant : 
then  if  the  liinb  of  the  Quadrant  is  inclined  to^ 
wards  the  Horizon,  Mrith  the  £ice  of  the  instrument 
upwards,  and  the  reflected  sea  appears  higher  than 
the  real  sea,  you  must  slacken  the  screw  before  the 
HMri2on  glass,  and  tighten  that  which  is  behind  it; 
but  if  the  reflected  sea  appears  lower,  the  contra- 
ry must  be  performed.  Care  must  be  always  tak- 
en in  this  adjustment  to  loosen  one  screw  before 
the  other  is  screwed  up,  and  to  leave  the  adjusting 
screws  tight,  or  so  as  to  draw  with  a  moderate  force 
against  each  other. 

This  adjustment  may  be  also  made  by  the  Sun, 
Moon,  or  a  Star ;  in  tliis  case  the  Quadrant  is  to  be 
held  in  a  vertical  position  ;  if  the  image  seen  by  re- 
flection appears  to  the  right  or  left  of  the  object 
seen  directly,  then  the  glass  must  be  adjusted  as 
before  by  the  two  screws. 

It  will  be  necessary,  after  having  made  this  ad- 
justment, to  examine  if  the  Horizon  glass  still  con- 
tinues to  be  parallel  to  the  Index  glass,  as  some- 
times by  turning  the  sunk  screws  the  plane  of  thr 
Horizon  glass  will  have  its  position  altered. 

USE  OF  HADLEY'S  QUADRANT. 

Thd  use  of  the  Quadrant  is  to  ascertain  the 
Angle  subtended  by  two  distant  objects  at  the  eye 
of  the  observer  ;  but  principally  to  observe  the  al- 
titude of  a  celestial  object  ahove  the  Horizon  :  this 
is  pointed  out  by  the  Index  when  one  of  the  ob- 
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jectf!  seen  by  reflection   is  made  to  coindde  witlr 
the  other,  seen  through  the  transiwreut  part  of  the  I 
Horizou  glass. 

To  lake  an  jtUiludetff  Ihr  Sun,  Moan,  or  a  Star, 


Having  previously  adjusted  the  instrumen 
place  the  0  on  the  Nonius  opposite  to  0  on  the 
Arch,  and  turn  doivn  one  or  more  of  (he  aerecns, 
according  to  the  brightness  of  the  Sun  ;  then  apply 
the  eye  to  the  upper  hole  in  tlie  fore  Sight  Vane,  if 
the  Sun's  image  be  very  bright,  otherwise  to  tbe 
lower,  and  holding  the  Quadrant  vertically,  !ook  di- 
rectly towards  the  Sun  so  as  to  let  it  be  behind  the  nl> 
vered  part  of  the  Horizon  glass,  then  the  coloured 
Sun's  image  will  appear  on  the  speculum ;  move  the 
Index  forward  till  the  Sun's  image,  which  will  ap- 
pear to  descend,  just,  touches  the  Horizon  with  its 
lower  or  njipcr  limb  ;  if  the  upper  hole  be  looked 
through,  the  Sun's  image  must  be  made  to  appear 
in  tlie  middle  of  the  transparent  part  of  theHwizon, 
but  if  it  be  the  lower  hole,  hold  the  Quadrant  so 
tlrnt  the  Son's  image  may  be  bisected  by  the  line 
joining  the  silvered  and  transparent  parts  of  tbe 
Horizon  glass. 


The  Sun's  limb  ought  to  touch  that  part  of  the 
Horizon  immediately  under  the  Sun,  but  as  this 
point  cannut  be  exacfly  ascertained,  it  will  be 
therefore  necessary  for  the  observer  to  give  the 
Quadrant  a  slow  motion  from  side  to  side,  turning 
at  the  same  time  upon  his  heel,  by  which  motion  the 
Sua  will  appear  to  sweep  the  Horizon,  and  muat 
bemade  just  to  touch  it  id  the  lowest  jarl  of  the 
Arch  ;  the  degrees  and  minults  then  pointed  out 
by  the  Index  on  tlie  Limb  of  tJie  Quadrsnt  will  be 
tlie  observed  altitude  of  that  limb  which  is  brought 
in  contact  with  the  Horizon. 
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When  the  meridian  or  greatest  altitude  is  requir- 
ed,  the  obsen^ation  should  be  commenced  a  short 
time  before  the  object  comes  to  the  meridian  ;  be- 
ing brought  down  to  the  Horizon^  it  will  appear  for 
a  few  minutes  to  rise  slowly ;  when  it  is  again  to  be 
made  to  coincide  with  the  Horizon  by  moving  the 
Index  forward ;  this  must  be  repeated  until  the  ob* 
ject  begins  to  descend,  when  the  Index  is  to  be  sc- 
eured>  and  the  observation  to  be  read  off. 

From  this  deacription  of  the  Quadrant  and  its  use,  the  manner  of 
a^jutirt^  and  uaingf  the  Sextant  will  be  readily  apprehended.  Our 
limits  wQl  not  allow  a  particular  description  of  this  excellent  in- 
«trament. 

The  Artificial  Horizon. 

In  many  cases  it  happens  that  altitudes  are  to  he 
taken  on  land  by  the  Quadrant  or  Sextant ;  which, 
for  want  of  a  natural  horizon,  can  only  be  obtain^^ 
ed  by  an  artificial  one.  There  have  been  a  variety 
of  these  sorts  of  instruments  made,  but  the  kind  now 
described  is  allowed  to  be  the  only  one  that  can  be 
depended  upn.  It  consists  of  a  wood  or  metal 
framed  roof,  containing  two  true  parallel  glasses  of 
about  5  by  2^  inches,lixed  not  tootight  in  the  frames 
of  the  roof.  This  serves  to  shelter  from  the  air 
awoodcn  trough  filled  with  quicksilver.  In  mak- 
ing an  observation  by  it  with  the  Quadrant,  or  Sex- 
tant, the  reflected  image  of  the  sun,  moon,  or  other 
object,  is  brought  to  coincide  with  tlie  same  object 
reflected  from  the  glasses  of  the  Quadrant  or  Sex- 
tant :  half  the  angle  shown  upon  the  limb  is  the  alti- 
tude above  the  horizon  or  level  required.  It  is  ne- 
cessary in  a  set  of  observations  that  the  roof  be 
always  placed  the  same  way.  When  done  with, 
the  roof  folds  up  flat-ways,  and,  with  the  quicksilver 
in  a  bottle,  &c.  is  packed  into  a  portable  flat  case. 


(     SI6     ) 


SECTION  in. 


To  find  lie  Lahmdt  liy  thr  Meridian  Altitu 
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TbcLMituiteofiplace  La  ila  disunce  Tram  the  «jua(or.  cither 
North  or  Smith  ;  am  la  incasiircd  by  an  arch  at  u  Mcridi&n  ca» 
(aineil  between  the  Zenith  uid  the  cijuiTioclial.  Hence,  if  the  di»- 
luice  of  any  heavenly  body  from  thr  Zciiitb,  when  un  tlie  Meridian,' 
uvl  it*  dechuBtion,  nr  the  number  of  ilr^ec*  and  minults  ii  is  to  thfij 
Northwird,  or  Southward  of  the  etiuinoclial,  be  given,  the  Latitude: 
may  ihence  be  found 

Ttie  Altitude  of  the  Sun,  obscn-ed  by  n  Quadrant,  ot  SeiUiit,  re. 
quirea  lour  correelioni  in  order  lo  obtain  the  true  altitude  ;  these  vtc 
the  SclludiM)l«ter,  Dip,  Kefmction,  uid  Farallai. 

By  the  Scmidiamrter  of  the  Su>'  is  meant  the  angle  aublendcd  by 
the  distance  from  itc  centre  tu  iti  apparent  circumfert^nce.  The  quaii. 
tity  of  thia  angle  18  given  for  every  aiilh  dayin  tlie  year  in  table  Id 

The  Dip  of  the  Horieon  is  a  vertical  angle  eontiined  between  k 
Horizontal  plunepaiiin^tbroiiril  tlie  e^e  of  an  obaerver,  anil  a  line 
drawn  from  hia  eye  to  the  viaible  Horizon,  This  Dip  is  found  m 
Tnhle  8,  nhrn  the  vimbic  faoriznn  ii  tbtmed  bjr  the  apparent  JunctMn 
of  the  water  and  sky  :  but  in  Table  9,  when  land  intervened  '  ' ' 
cue,  the  line  that  scpu-atea  the  land  ajid  water  is  used  as  llic  H 
and  its  distance  IVom  the  observer  must  be  duly  eaiimated. 

The  Refraction  of  anj  celestial  body  is  tlie  diflercncc  betn-._._.  ,_ 
appaiinl  place,  and  that  wherein  it  waiUd  be  seen,  if  the  i^cr  be-'' 
twtcn  the  obseiTcr  and  object,  was  cither  a  void,  or  of  a  iiTufiirm 
desily-    Table  6  contains  tliia  Re&action. 

TSat  part  of  the  beavciu,  in  which  an  object  appears,  vlien  n'ewcd 
from  tlic  surface  of  the  earth,  ti  called  its  apparent  place  ;  and  ihe 
point,  wherrin  it  would  be  seen,  at  the  Bune  initant,  if  viewed  frotn 
the  centre  of  the  earth,  is  called  its  true  place  i  the  dJlTcrence  bc> 
Iween  the  true  and  ,ipparent  pUccs,  is  called  Ihe  Parallai.  The 
Sun's  Pvallu  in  Altitude  is  found  in  Table  7- 

RULE 

Forfmdingtke  Latitnde  from  Che  Sun's  Mendum 
AUiiude. 

Hftving  observed  with  the  Quadrant,  or  Sextant, 
the  altitude  of  the  Sun's  lower  limb  above  the  vi- 
fiiblf  horizon, — or  the  line  of  separation  of  the 
land  from  the  water,  when  that  horizon  ia  obstruct- 
ed by  land — add  thereto  the  semidiametcr,  lakeu 
from  table  10  at  the  given  day  o(  Ibc  month,  or  the 
one  nearest  to  it,  and  from  this  sum  siibtmct  tfit; 
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Dip,  frora  table  8  or  9,  corresponding  to  the  hciglit 
of  the  observer's  eye  above  the  suriace  of  the 
water;  and  this  result  will  be  the  apparent  altitude 
of  the  Sun's  centre.  Then  take  the  refraction 
from  table  6,  and  the  parallax  from  table  7,  corres- 
ponding to  this  altitude,  and  the  difference  of  these 
guantities,  called  the  correction,  being  subtracted 
x)m  the  apparent  altitude,  the  remainder  will  be 
the  Sun's  true  altitude;  the  complement  of  which 
will  be  its  zenith  distance,  north  or  sout h,  accord- 
ing as  the  Sun  bears  south  or  north,  at  the  time  of 
observation. 

When  the  observation  has  been  made  by  bring- 
ing the  Sun's  image  in  the  Quadrant,  or  Sextant, 
to  a  just  coincidence  with  its  image  in  an  artificial 
horizon,  half  the  angle  shown  on  the  instrument 
is  the  Sun's  apparent  altitude,  which  must  be  cor- 
rected by  the  corres|x)nding  refraction  and  parallax 
only,  in  order  to  obtain  the  true  altitude. 

Take  the  Sun's  declination  from  table  13,  an- 
swering to  the  given  year,  month  and  day,  observ- 
ing whether  it  be  north  or  south,  and  reduce  it,  as 
there  directed,  by  the  help  of  table  14,  to  the  lon- 
gitude of  the  place  of  observation.  Then  the  sum, 
or  difference  of  the  zenith  distance  and  dechna- 
tion,  according  as  they  are  of  the  same,  or  of  a 
contrary  denomination,  will  be  the  latitude  of  the 
place  of  observation,  of  the  same  name  with  the 
greater  of  those  two  quantities. 


518  VARIATION  OF 

Examples. 

lit  March  lOtb,  1811,  in  longi-  2±  May  lOtb,  1811,  in  long.80<i 
tudc  70*  W.  the  Mer.  Alt  of  G  L.  W.  at  noon,  the  ang^ular  distance 
L.  was  observed  to  be  49*  50'  between  the  O  bearing'  south,  and 
bearinf!^  south — height  of  the  ob-  its  reflected  image  in  the  artificial 
server's  eye  12  feet,  required  the  horizon  was  found  with  a  sextant 
latitude  in  to  be  98*  30'  40*  required  the  lati- 

Mer.  Alt  O  L.  L.=  49^  iC  00*  S.  tude. 

Semidiameter        =     +16   08       98*30^  40'-i.2—49<' 15^  20' 
Dip— tables  =     —03    19       O  Ap.  Alt.  =49^  15'  20*^  S. 

Ap.  Alt. 

Correction  =  — 4'j      True  Alt. 

True  Alt  SO.  02   07 

90  Zenith  Dist. 

Zenith  Dist.  =  39    57    53  N. 


=  50   02    49      ^™^^<>"  =  -43 


Reduced  Dec. 


Reduced  Dec.       =    4    15    29  S.  LaUtude.  =58    15    57  N. 

Latitude.  =  35"  42    24N. 

3d.  July  24th,  1811,  in  long.  62<>  4th.  October  lllh,  1812,  in  long 
30'  W.  tlic  Mer.  Alt.  of©  L.  L.  91<'  W.  the  Meridian  Altitude  of 
above  tJie  border  of  a  lake  was  0  L.  L.  above  the  visible  horizon 
observed,  by  a  person  on  the  op-  was  observed  to  be  47^  13'  bear- 
I>ositc  short*,  to  be  56"  32'  bear-  ing  S.  the  hei^t  of  the  eye  being 
ing  S  —the  tlistance  of  that  bor-  25  feet ;  required  the  latitude, 
der  of  the  lake  beneath  the  sun  Mer  Alt.  Q  L.  L.  —47*^  13'  00^  S. 
beini^  5  miles  from  the  observer,  Semidiameter 
and  the  height  of  his  eye  above  Dip  from  table  8 
the  smHUc*^  of  the  water,  8  feci ;  .^  ^^^ 
required  the  latitude.  ('orr.Ttinn 

Semidiunieter       z=    -\-l5    48        True  Alt. 
ni|,riom  table  9   —      —2    36 

Ap.  Alt.  —5C>    A5    IJ         Zenith  Dist 

r-jiTfcllun  ^=  — 35        Jteduced  Dec. 

'I'rue  Ait.  —56    44    Si>        Latitude  =33    38    11  X. 

90  \.  li    For  the  various  other  me- 


=      —4 

06 
47 

—  47 

24  19 
—46 

=  47 

90 

23 

_4J 
—  6 

3') 
58 

27  X. 

16  S. 

Zenith  Dist. 
Keductd  Dec. 


-33    15  "  n  v"  ^^*"^*^  of  finding   the   latitude   by 
~  1 9    5'J    4fi  v  ^^^s^Tvation,  the  surveyor  must  ap- 

~~ _!_.  il"  ply  to  books   professedly  on  prac- 

Lalitudc  =53    K>    07  N.  tical  astronomy.  He  will,  however, 

find  a  method  of  observing  the  latitude  by  the  altitude  of  the   norlh 
staj',  in  the  explanation  oi"  table  12,  annexed  to  this  treatise. 


SECTIOX   IV. 

VARIATION  OF  TlfE  COMPASS. 

The  variation  of  (lie  compass  is  the  deviation  oi 
I:e  points '.]'  the  inariucr's  compass  from  the  cor- 
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responding  points  of  the  horizon,  and  is  termed 
east  or  west  variation,  according  as  the  magnetic 
needle,  or  north  point  of  the  compass,  is  inclined 
to  the  eastward  or  westward  of  the  true  north  point 
of  the  horizon. 

The  true  amplitude  of  any  celestial  object  is  an  arch  of  the  hori- 
zon contained  between  the  true  east  or  west  points  thereof,  and  the 
centre  of  the  object  at  the  time  of  its  risin^^  or  setting ;  or  it  is  the 
degrees  and  minutes,  the  object  rises  or  sets  to  the  northward  or 
southward  of  the  true  east  or  west  points  of  the  horizon. 

The  magnetic  amplitude,  is  an  arch  contained  between  the  east  or 
west  points  of  Uie  compass  and  the  centre  of  the  object  at  rising  or 
setting  ;  or  it  is  the  bearing  of  the  object^  by  compas8>  when  in  thef 
liorizon. 

Tiietnie  azimuth  of  an  object  is  an  arch  of  the  horizon  contained 
between  the  true  meridian  and  tlie  azimuth  circle  passing  through 
the  centre  of  the  object. 

The  magnetic  azimuth,  is  an  arch  contained  between  the  magnetic 
meridian  and  the  azimuth  circle  passing  through  tlie  centre  of  the 
object ;  or  it  is  the  bearing  of  the  object,  by  compass,  at  any  time 
when  it  is  above  the  horizon, 

The  true  amplitude,  or  azimuth,  is  found  by  calculation,  and  the 
magnetic  amplitude,  or  azimuth,  by  an  azimutli  compass. 

THE  AZIMUTH  COMPASS. 

From  the  accounts  of  the  compasses,  heretofore 
given  in  the  description  of  8ur\'eying  instruments, 
it  is  presumed  that  the  nature  and  properties  of  the 
azimuth  compass  will  be  readily  conceived  bjr  a  con- 
templative inspection ;  the  directions  for  its  uses 
are  as  follow : 

To  obterve  the  Sun*t  amplitude. 

Turn  the  compass-box  until  the  vane  containing  the  magnifying 
glass  is  directed  towards  the  sun  :  and  when  the  bright  specie,  or 
rays  of  the  sun  collected  by  tlic  magnifying  gliss,  falls  upon  tlic  slit 
in  the  other  vane,  stop  the  card  by  means  of  tlie  nonius,  and  read  oiT 
the  amplitude. 

Without  using  the  magnifying-glass,  the  siglit  may  be  directed 
through  the  dark  glass  t'>wards  the  sun  ;  and  in  tliis  case,  the  card 
is  to  he  stopped  when  the  sun  is  bisected  by  the  thread  in  the  other 
vane. 

I  he  observation  should  be  made  when  tlie  sun's  lf)wer  limb  ap- 
pears somewhat  more  than  his  semMliameter  above  the  horizon, 
because  hia  centre  is  really  then  ia  the  horizon,  alUiough  it  is  ap- 
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puenilj  clevite'1  on  accouni  of  the  te&Mlian  of  the  umatp 
Uut  it  puticulkriy  to  be  not.ced  in  liigb  luitudci. 

To  tSirrwthe  Shii'i  rislmulh. 

Rftitc  tl]cmasnir;ini;-gUs>  lo  ihe  upper  pwt  of  the  rane.  and 
movethr  box.  a»b<rr,rc  directed,  until  ihcbri^lit  qicck  fall  on  tbe 
other  vune,  or  omhcr  line  in  Ihe  liorizmitiJ  bar  ^  th«  can!  ■■  (hen  to 
be  stopped,  and  the  divisions  being  read  ofT.  «'ill  be  the  nip's  mag- 
nelic  niimulh 

If  the  ran!  »lbr»ie  conaidrrabh  al  die  lime  of  obiervaljon,  it  wilf 
be  better  lo  i.bserve  Ihr  citremr  iihrad'TB,  and  1»kt  llieir  mean  as 
tbemagneticsziTnuth'  When  the  magnetic  uimutlt  iaobserved, 
the  altituiic  of  the  object  mtul  oc  wken,  in  order  to  obtain  tJie  true? 
szimutli. 

It  will  conduce  much  to  accuracy  if  icveral  »iinioth«  be  obseryed, 
with  the  cuiii:>pondin^  altiiudea,  and  ihc  mem  of  the  vtiolc  taken 
lor  the  abBCDatiuri. 

To fitidthevariationof  the  Compass  hyanamplitudf. 


Rule— I    To  the  log.  secant  of  the  latitude, 
rejecting  the  index,  add  the  log.  siue  of  the  sui 
declination,  corrected  for  the  time  and  place  of  ol 
servation ;  their  snm  will  be  the  log  sine  of  tl 
true  amplitude,  to  be  reckoned  from   the  east  ii 
the  morning,  or  the  west  in  the  afternoon,  towards 
the  north  or  souib.  according  In  (he  dccliiuilion. 

2.  Then  if  the  true  and  magnetic  nni|)litii(Ies? 
be  both  north  or  botli  south,  their  diflerence  is  the 
variation  ;  hutif  one  be  north  and  the  other  soutbi 
their  sum  is  the  variation  ;  and  to  know  whether 
it  be  easterly  or  westerly,  suppose  the  observer 
looking  towards  that  point  of  the  corapaas  repre- 
senting the  magnetic  amplitude:  then  if  the  true 
amplitude  be  to  the  right  hand  of  the  magnetic  am- 
plitude, the  variation  is  east,  but  it  to  the  left  hand. 
it  is  weat. 
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EXAMPLE  L 

July  3, 1812»  in  laiitnde  9^  S6'  S.  the  Sun  wti  observed  to  rise  £. 
12*  42'  N  :  required  the  variation  of  the  conipass. 

Latitude  9"  J6'  S.        -        Secant  0.00613 

Dechnation  22    59   N.        -       Sine     9J9158 

Thie  amplitude  R.  23    20  X.  Sine     9^9771 

MMg  amplitude  E.  12    42  N. 

Variation  20    38  west,  because  the  true  amplitude 

is  to  Che  left  of  the  magnetic. 

EXAMPLE  IL 

September  24, 1812,  in  htitode  '26^  32'  N.  and  kmptude  78^  W. 
thf  Spin's  centre  was  ot^erted  to  set  W.  6**  15'  S.  about  6b.  P.  M. 
required  the  rariation  of  the  compass. 

Sun's  dccUnation  0<»  30'  S. 

Corr  for  long.  78«  W.  +5 

Corr.  for  time  6h  P.  M.  i-     6 


Reduced  decUnation  0    41        Sine       8.076S0 

I^tude  26    32        Secant    0.04834 


True  amplitude  W.   0    468.    Sine        81.2484 

Mag.  amplitude  W.    6    13  S. 

Variation        5    29  east*   because  thp 
true  amplitude  is  to  the  right  hand  of  the  magnetic. 

Tojind  the  Variation  ^  the  Cotnfiat*  by  on  Azimuth. 

RuLE«l.—  Reduce  the  Sun's  declination  to  the 
time  and  phice  of  observation,  and  compute  the 
true  altitude  of  the  Sun's  centre. 

Q.  Subtract  the  Sun's  declination  from  90^, 
when  the  latitude  and  declination  are  of  the  same 
name,  or  add  it  to  90^,  when  they  are  of  contrary 
names  ;  and  the  sum,  or  remainder,  will  be  the 
Sun's  polar  distance. 

3,  Add  together  the  Sun's  polar  distance,  the 
latitude  of  the  place,  and  the  altitude  of  the  Sun  ; 
take  the  difference  between  half  their  sum  and  the 
polar  distance,  and  note  the  remainder. 
1.  Then  add  together 
the  log.  secant  of  the  altitude  >  rejecting  their 
the  log.  secant  of  the  latitude  )       indices, 
the  log.  CO.  sine  of  the  half  suni, 
and  thelog.  co.  sine  of  the  remainder. 

Tt 


VARIATION  or 


5.  Half  the  sum  of  IbcBc  four  logarithms  will  be- 
Lhe  sine  of  an  arch,  which  cintihletj,  will  be  the 
Sun's  true  aziraulh ;  to  be  reckoned  from  the 
south  in  north  latitude,  and  from  the  north  in  sooth 
latitude  :  towanla  the  east  in  the  morning,  and  to 
wards  the  west  in  the  afternoon. 

6.  Then  if  the  true  and  observed  azimuths  be 
both  on  the  east,  or  both  on  the  west  side  of  tli* 
meridian,  their  difference  is  the  variation  :  but  if 
one  be  on  the  east  and  the  other  on  the  west  side  of 
the  meridian,  their  sum  is  the  variation  ;  and  to 
know  if  it  be  east  or  west,  suppose  the  observer 
looking  towards  that  point  of  the  compass  repre- 
senting lhe  magnetic  azimuth  ;  then  if  the  true 
azimuth  be  to  the  right  of  the  magnetic,  the  varia- 
tion is  east,  bot  if  the  true  be  to  the  left  of  the 
magnelic,  the  variation  is  west. 

EXAMPLE. 
November  2,  ISI-Z,  in  latitude  259  S2'  N.  and 
longitude  75°  W.  the  altitude  of  the  Sun's  Joiver 
hmb  was  obsen'ed  tobe  15"36',  about  ib.  lOw. 
P  M.  his  magnetic  azimuth  at  that  time  being  S. 
58*32''  W.  and  the  height  of  t^e  eye  1 8  feet ;  re 
quired  the  variation  of  the  compass. 

Snn'«dc.  NOT.3,Mn,  W  4a'S,    Obs,  ill.ewi'*1owt^limblS*«' 
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Corr.  for  long.  rS»W.+       4 

Co.  forti. -Ui.  lOm.  af  n,-f      3 

Dip                       4  i 

ItcduceddcclinaUoii 

I'ular  dialancc 
AlOtude 
Utitudu       - 

U5S 
90    00 
1(14    5S 
IS    is 
2S    33 

i 
ReCrnction 

True  oUtude           •        i 
Scout  0.0Md3 

Sum 

llolf        - 

1*6     12 

71      6 

31     VJ 

-        f;o.slnell,4fi34S 
Co.  *ine  9,92929 

True  ulnutli  S. 
\Ug.  wimuth  S. 

-■!2     H 
3 
M    28  W. 

«  3a  w. 

I9.4J.'J9W 
s;iic      9,73699 

VuMon       . 

5  J6«ist.UcMU«tAetnicuiinuUiU 
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To  draw  a  true  meridian  line  to  a  maft^  having  the  -variation 

and  magnet ical  meridian  given. 

m 

On  any  nugpneticAl  meridian  or  parallel  upmi  M-hich  the  map  \% 
protracted,  set  off  an  aiifi^e  from  the  north  towards  the  cast,  equal  to 
the  degrees  or  quantity  of  \'ariation,  if  it  be  westerly,  or  fttnxi  tlic 
north  towildi  die  west  if  it  be  easterly,  and  the  line  which  consti- 
tutes such  an  angle  with  Uie  magnctical  meridian,  will  be  a  truci 
meridian  Hut. 

Foriftilfi^^huriation  be  westerly,  the  magneticnl  meridian  will  be 
the  quantity  of  variaUon  of  the  west  side  of  the  tnie  meridian,  but 
if  easterly  on  the  cast  side,  therefore  the  true  meridian  must  be  a  like 
quantity  on  the  east  side  of  tlie  maeneticfti  one,  when  the  varia- 
tion is  westerly,  and  on  the  west  side  Vkiien  it  is  easterly. 

To  lay  out  a  true  merluian  line  (yy  the  circu7nfcrc7:tor. 

If  the  variation  be  westerly,  turn  the  l)ox  about  till  tlie  north  of  the 
needle  points  as  many  dcp;Tecs  from  tliR  flowcr-<le-lure  towards  tlm 
oast  of  tlic  box,  or  till  the  south  of  tlic  nec«lle  poims  the  like  number 
of  degrees  from  the  soutli  towards  the  west,  ns  are  the  number  of  de- 
uces contained  hi  tlie  variation,  and  the  Index  \\i\\  be  then  due  north 
and  south  ;  therefore  if  a  line  be  struck  out  in  the  direction  thereof. 
It  will  be  a  true  nicridiun  line. 

If  the  variation  was  easterly,  let  the  north  of  the  needle  point  as 
many  decrees  from  the  ilower-<1e-1ucc  towanis  the  uTSt  of  the  box, 
or  let  the  south  of  tlie  needle  point  as  mnny  degrees  towards  the- 
<-ast,  as  are  the  numl>er  of  degrees  contained  in  the  variation,  an(f 
ihen  the  nortli  and  south  of  tlic  box  will  coincide  with  the  north  and 
south  points  of  the  horizon,  and  consequently  a  Hne  being  laid  out  by 
the  direction  of  the  index,  will  be  a  true  meritlian  line. 

This  will  be  found  to  b«  very  u*>cful  in  setting  /an  horizontal  diaU 
for  if  you  lay  the  edge  of  the  index  by  the  base  of  the  stile  of  th<'j 
dittl,  and  keep  the  angular  point  of  the  stile  toward  the  south  of  th(^ 
box,  and  allow  the  variation  as  bcfoi'Cythe  dial  will  then  be  due  north 
and  south,  and  in  its  proper  situation,  provided  the  plane  upon  which 
it  is  fi^ed  be  duly  horizontal,  ami  the  sun  be  south  at  noon  ;  but  in 
places  where  it  is  north  at  noon,  the  angular  [joint  of  the  indcic  mnsr 
se  turned  to  the  north. 

Hov3  mapi  may  be  traced  by  the  help  of  a  true  fnnidian  Vne. 

If  all  maps  had  a  true  meridian  line  l!ud  out  upon  them,  it  would  h^ 
easy  by  producing  it,  and  drawing  parallels,  to  make  out  fiehUnotes  ^ 
and  by  knowing  the  variation,  and  allowing  it  upon  every  Ixranng,  and 
having  the  distances,  you  would  bave  notes  suHicient  f()]-  a  trace.  Hut. 
a  true  meridian  line  is  seldom  to  be  met  with,  therefore  we  are  oblig- 
ed to  have  recourse  to  the  foregoing mctliod.  His  therefore  advijcii 
to  lay  out  a  true  meridian  line  upon  every  ni:(p. 

To  Jiiul  the  differer^e  hctu-een  thr  present  variatior^  am!  that  «ti 
«  time  wAen  a  tract  tvas  formerly  surveyed,  i:i  order  to  trace  or  run  out 
the  original  lines. 

If  the  old  variation  be  specified  in  the  map  or  writings,  and  the  pre- 
sent be  known,  by  calculation  or  otherwise,  then  the  diflerencc  is  im- 


*  iiupocUon  1  b^t  W  it  more  frequently'  bappcns,  tliat 

^kiiDWTl,  Mtd  M  the   vuintion  of  diflerent  instru- 

ti  itlibc  at  Ihc  same  lime,  the   Ibtlou-infr  pfBclical 

:o  nnnwci'  t-rey  pitrpose. 

ftSfj.     iltDf  tlie  prcmijict  whcfc  kUvtwo  :uljaccnt   comcra  u« 

,  t  >D      r  on«  e>n  \k  teen  Inim  tlic  other,  take  their  beajing: 

■^  CM        xid  with  UiM  of  tho  lune  line  in  the   fomicr  survey, 

pVtlie         ircfice.     Bu'tiTtreci,  Kills,  &.c  obstruct   the    virw   of 

—.Vbject, the  linc««:ofl\ng  tolhe  pveo  beuing,  Mid   obscnc 

IhenearcMdiMutce  between  il>elin«  hi  ninand  thcootner,  then, 
A*  the  length  of  the  whole  line 
Is  to  57.3  degrcei,  • 
So  it  Ilie  lud  diitsncs 
To  the  diflerence  of  TsrUtlon  rcqtiircif 

EXAMPLE. 

SunpiMc  il  beK^giredtoninaVmc«hiditoincyemagob<m  KE. 
U")  cUitanceSOpcreliEs,  anilin  mnninglhisline  by  the  ^veii  \ieK- 
ing,  the  comer  il  found  30  Unlu  to  the  lell  h«id  t  ■rhat  kllmnDoo 
mu*t  be  ntiujc  onekch  bcirjni^lo  trace  the  oldlme*,  and  what  is  ihc 
|M«Mnt  bearing  of  Uiit  puttcuUr  line  bj  the  compa»»  .' 

P.  Dfg.  I.. 

As  80    :      5r  J  '  :    M. 

« 


*  ^^J*  therriim  of  a  dnk  (nea4)')  ia  mch  p«ti  M  tfe  cir- 
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TABLE  I, 


tOGAUITHMS  OF  NUMBERS. 


liXPLANATXON. 


L 


lOGARITHMS  are  a  series  of  numbers  so  contrivedi  that  the  sun 
of  the  logarithms  of  any  two  numbers,  is  the  logarithm  of  the  prodiic 
of  these  numbers.  Hence  it  is  inferred,  that  if  a  rank,  or  scries  o 
numbers  in  arithmetical  progression,  be  adapted  to  a  series  of  number 
in  geometrical  progression,  any  term  in  the  arithmetical  progressioi 
will  be  the  logarithm  of  the  corresponding  term  in  the  geometrica 
progression. 

This  table  contains  the  common  logarithms  of  all  the  natural  num 
hers  from  0  to  10000,  calculated  to  six  decimal  places;  such,  on  ac 
count  of  their  superior  accuracy,  being  preferable  to  those,  that  arc 
computed  only  to  five  places  of  decimals. 

In  this  form,  the  logarithm  of  1  is  0,  of  10,  1 ;  of  100,  2  ;  of  1000,  .•; 
&c.  Whence  the  logarithm  of  any  term  between  i  and  10,  bein^ 
greater  than  0,  but  less  than  1,  is  a  proper  fraction,  and  is  exprcssec 
decimally.  The  logarithm  of  each  term  between  10  and  100,  is  I,  wUF 
a  decimal  fi-action  annexed  ;  the  logarithm  of  each  term  bctMXcn  I0( 
and  1000  is  2,  with  a  decimal  annexed,  and  so  on.  The  integral  part  o: 
thclogarithm  is  called  the  Index,  and  the  other  the  decimal  purt.— 
Except  in  the  first  hundred  logarithms  of  this  Table,  the  Indexes  arc 
not  printed,  being  so  readily  supplied  by  the  operator  from  th4s  c;cnc 
ralrule;  the  Index  qf  a  Logarithm  h  always  one  less  than  the  numhei 
ofJigureM  contained  ill  its  correufionding  natural  number — excluaivc  cj 
fractionsy  vfhen  tkerc  are  any  in  that  number. 

The  Index  of  the  logarithm  of  a  number,  consisting  in  whole,  or  it 
parts,  of  integers,  is  affirmative  ;  but  when  the  value  of  a  number  i; 
less  than  unity,  or  1,  the  index  is  negative,  and  is  usually  marked  by  the 
sign,  —I  placed  either  before,  or  above  the  index.  If  the  first  siriu 
ficant  figure  of  the  decimal  fraction  be  adjacent  to  the  decimal  point 
the  index  is  l^— or  its  arithmetical  complement  9  ;  if  there  is  om 
cipher  between  the  decimal  point  and  the  first  significant  fig"***^  "*  *;"* 
decimal,  the  index  is  —  2,  or  its  arith.  comp.  8 ;  if  two  ciphers,  Uic  in 
dex  is  — 3, or  7,  and  soon  ;  but  the  arithmetical  complciwents,  9,  8 
y  fcc  arc  rather  more  conveii^cntly  usedin  trifjonometriciil  calculations 

A 
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The  d«chn»l  parts  of  tlie  iDgarillmu  ol  numborK.  consUling  of  llw 
'^     c  tlic  samei  whethei-  the  nuoibcc  be  integral,  rracuoua^ 


^■ni 


ibwd  :  tttust 


("23450 

I  23-15,0 

fUionataral    J  !(3.4S0 
nutnbcr 


a.34S0     ' 
2.3*50 
,0334S 
.OOS343 


4  370143 
3.370 1  4.1 
3.370143 

1.3701*3 
0,3TOt43 

1.370143 
2.370143 

3.3701*3 


■'{?: 


9.370143 

70U3 

.370I4S 


I 

Kk.  B.  The  drithmctical  complement  of  the  logarithm  of  any  tiunliti^ 
TBTouml  by  subtracting  the  gt»ci)  logirilRni  from  thalot  the  rndhi*,** 
by  suhiracting  each  of  lis  figures  from  9,  except  ihc  last,  or  right+jirf 
fiuui-c,  wK'cli  is  to  be  taken  from  10  The  arilliniciicil]  complcnMB 
B^of  an  index  is  found  by  subtracting  it  from  10, 

I 


PROBLEM  I. 

'fo/ind  the  hgai-iihrn  q/'  any^n 


KtlLRS. 

-1.  If  the  number  is  under  100,  its  logariihra  la  found  id  the  Brttf 
of  the  tabic. iui medial oly  oppoitilc  thcietu. 
Thus  the  Lor.  of  53,16  1,734376. 

S.  If  the  nmiilier  consisw  of  three  figures,  find  it  in  the  Gr«c 
oftlic  following  pui't  of  the  table,  op  posit  u  to  wbiJi,  M>d  Vfltier  O,  I 
lo^-ui'itlun 

Thus  the  Log,  of  Zi*  u  3.^8i331 — preliiiing  tbc  index  3,  b«( 
the  nniui'al  number  com  nins  3  {itjutci. 

Aguinthc  loK.  of  G5.7  Is  l.at7563~prcfixing   Um  iadex    l>bM| 
Utcrc  aie  tivo  figurcii  only  in  the  iiitct^rul  p^irl  of  the  given  numliif 
■  litllc  given  nuuilicr  contains  ruiirKgtire«,lhe  tlircc  6nt  nrv  w1„ 
B  before,  in  the  »idG  column,  and  umter  the  fourth  at  tlie  tup  0^ 
||Ul>Ic  ti  liie  to^arithm  required. 

s  ihc  loE-Ol  8735  i»  J,5.irjri3— fnr  :w,:m\i\   S7.',  the  lhrca.% 
I   fuund  in  the  left  ^id'  <   fu< 

Am  the  top,  siunds  the  <U^  •-.   \ 

ucli  pfuHxitig  the  imlt\,  <:\'j. 

roLnumbci.  iJic  proper  lo. 

Again  ilielo^nihiii  of  37.f)ii  is   i  iri'ii  i — n-.-vc  ih=  deci' 
the  logarithm  ib  I'oui^d,  as  bcfoii;,  for  the    lour  figurcft  ;  but 
is  l|lH'CauBc  thvrc  ^ic  iwoini'-gral  piivccs  only  in  tlic  natumi 
^^  4.  If  the  given  nuiiitiur  cxcucds  lour  tif;UTcv  iind  the  diRci 
^b«en  the  logiirithms  unswtvin^ici  the  fust  f^ur  ()K>ires  of 
^Kmber,  Mid  the  next  rollDwing  lufjanthm  ;  multiply  ttill'  diffei 
Ipwrcmainjiig  figures  in  the  Kivcn  numhi-r,  point  off  -i%  mftny 
"foibe  right-bund  u*  licrc  arc  in  the  muliiplier,  atid  tho  ro 
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cd  to  the  logarithm,  answering;  to  the  first  four  figures,  will  be  tjic  ^' 
quired  logarithm^  nearly. 

Thus  ;  to  find  the  loy^arithm  of  738582  ; 
the  log.  of  the  first  k>ur  figures,  tIz.  7385       .368350 
the  next  greater  logarithm  =  868409 

Dif.  59 

to  be  multiplied  by  the  remaining  figures         =  82 


118 

472 


then  to  .868^50 
add  48 


48|38 


the   sum   5.868398,  with   the  proper  index  prefixed,  is  the  required 
logarithm. 

5.  The  logarithm  of  a  vulgar-fraction  is  fnuni  by  subtracting  the 
logarithm  of  the  denominator  from  that  of  the  numerator  ;  and  thai  of 
A  mixed  rjuantity  is  found  by  reducing  it  to  an  improper  fraction,  and 
proceeding  as  before. 

Thus  to  find  the  Logarithm  of  ^\ 
from  the  log.  of  7  =  0.845098 

subtract  the  log.  of  8  =  0.903090 

Remainder  ^  9.942008  =  the  required  log. 


PROBLEM  ir. 

Tojind  the  number  anaivering  to  any  given  ht^arithrn. 

RULSS. 

1.  Find  the  next  less  logarithm  to  thatgifen  in  the  column  marked 
:>  at  the  top,  and  continue  the  sight  along  that  horizontal  line,  and  a. 
log^arithm  the  same  as  that  given,  or  very  near  it,  will  be  found  ;  then 
Lhe  three  first  figures  of  the  corresponding  naturul  number  will  be  found 
>pposite  thereto  in  the  side  column,  and  the  fourth  figure  immediately 
ibovc  it,  at  the  top  of  the  page.  If  the  index  of  the  given  logarithm  is 
?,  the  four  figures  thus  louud  are  integers;  if  the  index  is  3,  the  three 
iirst  figures  are  integers,  and  the  fourth  is  a  (lccin)al,andsQon. 
Thus  the  log.  3.132580    gives  the  Nat.  Numb.    1357 

2.13^580    gives  135.7 

1.132580   gives  13  57 

0.13258(1   gives  1.357 

9.132580    gives  .1357  &C. 

3.  If  the  given  logarithm  cannot  be  exactly  foundin  the  table,  asd  if 
iiorc  than  four  figures  be  wanted  in  the  corresponding  niituivl  num- 
ber ;  then  find  the  difTercnce  between  the  given  and  the  next  less  loga- 


GARITHMS  OF 

Utuni  towbich  Knnex»ni3ny  cipbcm  us  (bcrc  arc  figures  i 
%vt;  loUr  in  llie  DjUui-*i  uucuUcr  -,  which  divide  by  the  differ^ 
F«cri  the  next  leu.  knd  next  greater    lugunilinit,  und  the  ifood 
Ixcd  (0  the  ruur  figures  formerly  fonutli  will  give  ihe  required  a 
'  niber. 

riius  to  fiud  tbc  natural  number  oi  the  log    46^ 
t  leas  log.  is  ,838982  which  (jives  673S 

Bticst  grcuer  tog'.  iBit29itte 


Dif.  =        t,< 
next  Icsa  log.  =  828983 
■  e;i  !i>g.       =Si899l 

f.wilti  one  o  annexed  =  'Jf> 
lfcenM/90  (1.4 


jftrcCnre  1.4  being   aT||lCxcd  t»  6735,   ihc  rc<iuirc(l    nntDnJ  ; 
ns  1 .4,  is  now  obUtilR^. 


tucARtTXMs  OF  Nutinrh^ 


1 

No. 

T 

3 

4 

1- 

T 
8 

9 

J  J 

If 

Log. 

Ng. 

Log. 

No. 

l."8. 

No.      Lott. 

leo  t  looow 

O.OOOOOD 

0.  JO  10  JO 

0.477111 

e.eoio6o 

»,  6,8,70 

f.jiiii9 

..j&>7>8 
I.J  Soil  1 

«1,T»40 

4» 
4J 

..61^784 
■.&«ji49 
..6334*8 
I&43453 
i.bjjiij 

64 

,.,.... 

0^144098 

O.,OJ090 

1.0;, iKl 
r.irtosi 

>6 
JI 

;:;;:;;? 

1,491161 

1.50  5  I  ju 

1.518514 

46 

4' 
48 
49 

SO 

.,67109s 

..68. M> 
,.690. 9S 

..69*970 

t6 
A, 

S4J0,^ 

5' 
i» 
tl 

Si 

'.70TS7O 
1.7160OJ 
1.71417(1 
'■7JIJ94 
■740161 

'J 

7( 

Sjiist, 
8i7Ji' 

86),.-, 

ll7S06i 

i,>a,i»o 

16 

•-STi.T»4 
t.5<iio6[ 
i6o»ote 

ii 

St 

*o 

■  75(I>I 
t.7«J4«« 
(.T76li. 

76 
IT 

So 

8*08.4 
8864!,  1 
89109> 
»,7M7 
90J0gO_ 

tlOGARITUMS  or  KUMBERS. 


r  I    I    I   I   3   I   «   I   i   1  6   |T 


WW 


3^»MJ 

]»»! 

IfUt, 

!9r 

J0^^ 

19*- 

^^^^^^^^^^^^^^I^IW  NUMUl^KS.  ^^^^^1 

,.».,-'**• 

No. 

'6+ 
If". 

0     1     1      1     J      1     3      1     »     1     S     1 

1  .■ 

■'J 
"i 

; 

(■> 

;;; 

'Si 

IS7 

!i« 

1T<'S*  »7»S«*  J7»»I0  1794J9 
•.Bj;.-.!   iS.iiT   tKr;^  1*!.,-.; 

r^ 

150 

'9J 

'9i 
194 

.1! 

M) 

1*4 

soft 

;...*S<  30ill9i;30i..4i 
:.-.,g44  JO4OJ9  jO^i;,. 
.-.iMftSOOdi   3064!'! 
,-!iiJT  J0ll]sii30i(fi-tj, 
..j.ftS3.048ij3ro6vl!,. 

107 

"u^r~'~^r"-~i"~^  i^'"i^~i~^ 

i   w~»^^l 

^_                       » 

^^^^^^^^^^^^^^^^^^_ 

■i^^i 

LOOARirHMS  OF  NUMBER 


9  il'<*T 
«  Hi* 

9  I'*^!! 


il"t+  JJlXfii  n'99a 

tjMiiKjBsr  ir  ■ 

(ll0Tr,JjS.,7  siV;i:; 

(J»M*  SJM<»  JJVr* 

M0i»o;i4i>ioi  }4oSjo 


i  M4'4» 

(  (478,8  ( 


(6J600  fi 
i64r'4  (I 
{6(966  (I 
(6' '44  f 


1*4  {%**%$• 
Kl     (It4»' 

(«  IjMjIj 
lit    (118: 

»•      «M7» 

I**  fU*t« 

)»l  f94J«l 

iM  ««»• 

■9S  Wft(9T 

^  J0T*9f 

9T  (9^790 

4*     JOogTJ 


MJOrj  HJ'M  (4mj 

J44440  (44(«4 

(*ill4  S4S*?8  MiSOl 

*46''89i469'J  >4T*j6 

"--     (48144  i4»l66 

J«"49  (49)"   i494W 

((°4'J  iiOi»I  (iO^rT 

694  tJi8'6  H'fljS 

(I1911  SiiOlJ  I5iM4 

«4"6  I54HT  !i4l68 

Hi»;  !S!4i2  i(5(T8 

?*6S44  ((6664  K'^i 

ip74«  irllSS  5i7»88 

Si*W«  ti9e'»*  Sf9'8S 

(60146  i6oi6{'(6ojS( 

i6ij40  {ei4(9|Tfi>(78 

jftliJi   {6i6{0.j6v69 

f6j7iS  (6l»i7l(639[( 

(649t>J  (6,-Oir  j6!tJ9 

{66084  (66iot  {66)10 

5'r*»*  (6?179  (6T49T 

(6I4J6  i6S(w'(Mer 

(fi.(60S  J69f.(|i69g4: 

(?07J6  r70B93.i7iO" 

i?»OS«;i7>i7' 

.  S73»W,i73U6 

574»'j' 5741791(74494 

l(7(30J  i7(4'9i(7(!]4lf7(6S0 

^-•-■157  S?*(7i|j766iljj(76Hoi 

■-fto?   (r7»|(T7lj6  (»79(i 

,  ■^■(4  (78868 j5^9li  (79097 

v^^  19  J«M,J  {iii67|(8<38i 
i»iii7J  Sitii9i:(Ki4a«  (8«S'8 
»8lJil|5Bj;*i6j  (81(31,1  i8j6(» 
{14444  ( "4 ( (7  (84670 ,584783 
5i((-4  (8(686  (8(799  (85»i» 
)S67«)(!68i»]i869i('-*-'"- 
(|7>»»ji*79JlU""-' 
(|8,44lj«90i6  ( 
19«»*'i(9°'73   ( 

W";6  (I 

(«mK  (i 


p9    i670i*  167M4  (ft?*** 


1  (?»988  ( 


f»4*«l 

{«jt06 

toialt 


S9JioS  J 
j9^6ii 
(917»7   S 
(96(17  ( 


D  59»6»i 

8  S9("t9 
4  (94834 
7  (9(9j: 
7  (9703; 
4  (98'J4 
t  (9»t»8 

9  601408 


l.{X;AKlTIiMS  OF  NlMiUlltS. 


^♦o  -60275 -^ 

4»)2  -60.1642 

46  j  rrj^^Si 

464  66^  ^ I S 

46,-  6^»-4c.- 

4^'     C-'^i; 


SM 

;'4 


Sio  ;  "  " 

7r.i^i-;0  701,  i;  5!  7  .'J.;.  ^    ""..iji/ 

"101!?  7ir..'.si  :  i;.^-  '     1    ,"i 
Ji-T  i-mS-j--  -!•::.,?  -i:.. 


I 
I 
I ;. 


J.  J..'.  ••  I  -T^■ 
.  ...'.I'  ~  I.;;  -.    ■  I  ,  I 


J »  I    "  r .;  1 6-  "  f  c» :  I   -•  I  .  •  ? :    •  J     :••••  i  ^  *.•.-••    "•    :  f       •  , 

•  _  '  '  ■  •         ■    *  1  ' 


BARITHMS  C»  NUMBERS. 


I 


iw  'jiiiOl  7j6ol-  )i6i707 16154  ^"6j37  Ji6*»i  7'6i04  7>6)l*| 
jii  |Tt6«ji  71**"  7'TOO4J7i70l'S  717171  7i7»(4  '"J)"  J'T**: 
(li  '717671  7'77i4  7i7«J7'7'T»«>!7i»OOj  7'8o»6  7>ii69  718H 
i»l  7it{0«7l(t8s  71I668  7i*7t"7«88j4;7i89i-'Ji9<»oJ'9=^i 
SH  (T'9Ui  7IM14  "9*9',7'^i*°  7>9«J  719T4!  7'9*»8  7'W  > 
jii  '710159  7W14»  7>«)»i'7W407  7*0490. 7»J7J  7»o*i(  7»or5'' 
{tt  i7109»6  7»I0*S  7»>II''?»'»J3  7»'J'*,7»'39*7»'4*'  7»IS'' 
(17  tjiiBii  TUt^j  HI97S  7JKJia  7"I40  7»»»«7»»10I  7»*i*"- 
"  |tii6j4  711716  71179S  7»»*'''  7M96l'7»J*4S  T»Ji"  7»3"  ' 
Iniiifi  -ij^jg  rtjftio  7»noi  7*1784  "i86fc  7ti94S  7 140 ;--- 

714176, 7>4»<  -H440  7«45"  ;»460jiT»4*''(  7»*''fc7  7MS4  1, 
-«(09i  7»i"7*  7llJi*  T»iJ*0  715411  Jifsoj  /liiBj  7»1*('   . 

53»  7»»<»  7»?»)  7»W7J  7i6t5«  Ti6>3g  7iejM'71«40>  7«4'*3 
7«67M  716K09  716890  7»697i,Tr705j'T*7'14  7»7»>6  '»T.^7 
7«14'>7i76ij'7i7704. 71778s  7«M61t»7m8" 7**019  7i8iici! 
7t«)i«'7a84}{  7*((l6'7l8;9T  7i867S|7t87iB  7*8841  7»8qii| 
7»9'*i  7»9»46  7»93»7  7»9408  7i94<9:7»9i70  J»96ii  7»97Ji 
719974  7JOO55730136  730117  TJ019B'7JOJ78  7304!<)  7JOi40 
7)07lli'T3o863  7j0944  73'Oi4  TJii05'7J"«  73'«66  7J'M7 
7!'SH  73'W9  7317;°  7i'8iO|7li9n  711991  7!«>71  7f»isi 
7i»J«|73»474  '31S)S,7Ji*Ji  7J»7"ii73»79lS  7Ji8jS.7J»9t» 

14t     ■" --- 

(43  7J+8o6l734»8o  7 J49*^'7Ji040i735''"    , 

>44  73!i99  730)9  73(759  73(8j8,73S9'S' 

i4(  73*39*  73*47*  7j6ij6  73Mj(|TJ*Ji -; 

(4*  7J7«93l7J7«7»  73'J5»  JJT*)'!'!?;'  ■■ 

547  7J79l7;7j8o*7  73*'**  7i8"i'7J*3';  i 

(4«  jjl7>ii7j8S6o  738939  739018(73901- 

_^   54^  730(7»i7Jv6ji  739730.7308 lOlTijUB... 

((O   ^74C'3*3i74044»  7405>*  740Sfl9'74**. » 
(("    74'i(i;74H30  741309  74'3Mi74M*7 
i(i     74'939|J4»0'8  74«>9^  7»ii7i, J4»iS-)i-  i 
!S3    741715  :.    "  -■ 


.   :4i804'74i«8i  74«9**.74J0J' 

>i4  (4ii'0  743J88  743667  T4374(l74l'^>! 

i^i  7+4*93  744371  744449744518  74460'. 

556  ,74507*  745153  745*31  74!!^9  ■'45-'> 

557  1745*5!  T4593i^4*Oii.74'^''-  -■■'■"•- 
55*  746634:746711  74*79<'|7'("-' ■ 

_J 59  74;4i;, 747489  747567  -4- 

j6o  j748igi'j48i66  748343 -jj, 

{61  74S56j'749Q4a,749ii8  :ji((v 

»6i  '74973*  749814749891  r+>)968ji^:4 

S6j  750508  7io;86'7(o663  75074ol750Rj  - 

564  l7i""9  75'30'75i43375i5loi7Sii^- 

5*5  ,75»^>''5*'*r75'»o»75»»79rs*3>' 

.    s66  75**'*'75*''93^75*9■«'7i3a47!TS)l!'! 

t  f*'  7535SJ  753**0  TW7S6  7538l3l753Sh., 

f  i*8  754348:75*4*5  754501, 754578;7!4('s4! 

%lJ-\U^ill  Ziil!?  lii*^  7'i53*i  7ii4 1 : 

[570  '7I5875'7S59li  75*0»7'75*">3;7,6i8o 

(71  17(**36  7(6711  756788  756864.75*940 

57*  75739*,7i74'i'757M8'T5r*H:'i»'O0 

S'J  758155  7S*»J«7sB]t»6  758lli  Ti84[8 

574  I7(89ii'7589«8  759063  7 

575  759668  759743  751819  7 
,  576  7*04**760498  360(»,'7i 

,1   177  j6riT6  7611511761316,-1 

I  ^78  76191!  76m)0J't6)O78  7' 

[■f79  76»6t9  76»754'7**8i9l7i 


757'7i  757»5i 
7  58533' 7  58*09 


r-i~ 


K                    UOGAKrrHMS  OF  VUMBERS.            ^^| 

1 

Ni>.        0          MS           S     1     « 

t      1      6      ,      7      1      8           9 

jHo    -6M»i|  TfijiejTSjiJg  j*3ei}yi>S7i7 

76j83»|T6l<7T'76J9i»  764017  7*4'Ot 

fSi     T64176  T*4»S1  iHj"  ;*«*», Tft«75 

764ii0i7646J4;764h99'764774  ;»4g4t 

(Ij    764,1)  76*9911  m«Tl»*!i47l7*("i 

76!l9676iJ70|76i44(  765iW  7*K94 

Jij     76166,  tS!74J  r«(«<l  76fSs.,T6j966 

r6*04<  r66<i(  766.90  766t«4  Hbtft 

{84    J664')7664»».r»(*«r6W.36;T66'..0 

7t67Ksi7668i,|76693JT67eo»|j*joB. 

767(17.76760. 176767  (|7*7J49l;6jB»J 

ll(     767  "iSjfcNja  767104  76TJ7iJI7674iJ 

{U     j67S4l!j6r97»T6*>4« 

6g.w;76S.94 

768168  768i4»;76»4'f'!768490  76|ls6« 

Sl7    [T6Uj».7W7..  T6<7*ft 

6*g63 

;(,Kw+ 

769008  7690!!  1 7*9  •(6;  769110  769101 

SBg    Tftsr' 

7»94}>  769;!] 

69599 

>«,671 

769746. 769«"''69ll94|:69«68  77004* 

<*9     77»._.l 

T'O.gq  7'0»6) 

_TOn* 

7704S4  VTO?!-"  ••■^f,'  •■":-05  770778 

fyo 

770I5. 

7'<'9",V'0999 

71073 

"■:<• 

77IJ»0  77';'|.                                     ^i'4 

'  59» 

?7<ll7 

77.66. I7T17J, 

7.  Sol 

77»»«' 

77.055  77'^'-                                       :.1» 

(9» 

»T«n 

77t»(' 7714*1 

7«!4» 

j'lft'S 

771688  77>,''-                                        ,Si 

tvi 

njoa 

77I'»«  771*01 

73»7» 

77!U8 

7714"  773-i-.                                          ij 

W 

Tttytt 

-7!«6077J933 

7400* 

HJ 

J74S'T 

7745907,4663 

74'Jfi 

T7*M6 

7711'9  77i)9» 

7«*! 

--,,.            .,           ■     ■                    ,      ■.,      ,L,ai 

5)} 

77W4 

;7lKJ47l77*'*o 

76.55 

F76701 

TT6TT4lT76i46 
T774*9tTTT(7» 

76„, 
7TM1 

7-TT-.    ■.-.7TSl7/;'>^-/.i'ij'i  ;;>■— "j:TiJci7^ 

-fcr 

iT»~' 

J7K»»4iB7i»96 
778947  7  79"  9 

7tj61l 

T7»44« 

T7»ii!  77l'(''i'77»''5''  7Tl*7!0 

77IHIDJ 

toi 

7Tg*7< 

77909. 

77»»«i 

779136  779Jo'l|T'9l8o  779454 

7745  U 

» •*» 

T79S»6 

7 J9*ft9  779741 

779S.3 

„98»i 

779957  7«"»9  7»0'»l  78O.73 

7«0*4i 

t    «»J 

7803.7 

7g03g9  7ao4*' 

7«Of33 

7«0IK>! 

Tk:ih77   7«07.tul7Si.i*.ri   7«OB9J 

3<09*( 

604 

7SIOJ7 

7Sii09'7Srili 

7».»5J 

7B.V^ 

7*:     ■■        ■                         --.6ii 

78i*S4 

1         »0( 

7ll7SS 

7liS»7  7».g99 

78.97. 

7BW4S 

--;.■                                      ■■1.JI9 

7*i4*i 

1       «o« 

7«»4»» 

7l»(4*  7»li6i6 

7«»6Bg 

7S«7S'> 

■■;a46 

7*(ll) 

607 

7lj«l9 

7gjl6oTg3)3» 

1*1403 

782475  7^;.;     .  ■■                              ■   .'*)!*■ 

78J8J1 

60I 

7<j»04 

7*3971  7»4W* 

7*4' ig 

7g4'g9  7''4'"' 

Jf447S 

784546 

«13 

7'(JJo 

7146*9  iM'to 

7>l«gli 

-B49O* 

7»4»74 

jii04',\tH"t, 

7»f.87 

JKW? 

7Si40i;7B547i 

'"(MJ 

7846. j 

785686 

TisriJ 

7*5818 

78(899 

785970 

tri 

7B(-H" 

T»lll7«*>g3 

7i*l,4 

7«6iM 

786!96 

78646T 

7l6,j8 

7*66*,  7866I0 

«ii 

7S67{. 

7m«.;7<6»93 

716964 

7«70Ji 

7>HQ« 

7B7<77 

787148 

Jg73'^  787390 

*>] 

7l:*«o 

Tg7(Jii?l7»<" 

'87671 

7877** 

r«7l'( 

787B8J 

7*79(6 

788017 

7B8098 

6t4 

7l8<6g 

7gll39f»3l0 

7 IK J?. 

7884SI 

T»»*»» 

j88i9J 

7*866] 

76B714 

788804 

*"J 

Tggg7J 

7gE«46  Il90<< 

7*961(7 

7«9'i7 

7t«aa8 

789*99 

7«e!69 

7«9->4' 

789('0 

Ci« 

rS,8, 

7i94(<  7«97»-. 

iHlql 

Tg,lt6, 

789933 

T 90004 

790074 

790144 

790115 

*IT 

r90.»( 

7901(6  T,o*;--.   --.    ;■,' 

.1   ;n    -7O0J7 

79OTO7 

790778 

790848 

7909.8 

fill 

y»098B 

79'i>i9-Ni'-                                i|-N>J40 

791410 

791480 

7«i(iO 

7916JO 

619 

79"*9' 

791161  T(|i>  1    '-                          ■]    'i:D4I 

791181 

791151 

79>)»i 

Aao 

»9'J»» 

iv^a'i^, ■?'.'■'.••-■   ■  .-■■  ■■-!■--"  - 

75:741 

79»8.» 

791I8. 

79»9Si 

79JO»> 

6tl 

?9je*> 

79!'6».79J»3' 

79144" 

79351' 

793(81 

T9J6(. 

7937»' 

«il 

791790 

79J*60'793«o 

794000  7  94° JO 

794' )9 

7»*»09 

7M1VJ 

794349 

794418 

61] 

m4« 

7»4fs<;  7946*7 

744*9''  7947*7 

H483* 

794!l« 

?9*97« 

79(045 

79(IIS 

M4 

T9(llS 

79(>!4  79(1*4 

79U9J7'l5*6j 

TflSSI* 

795601 

795671 

f9574< 

7,(S.. 

*>( 

)«««« 

T95949i79fi'>'S 

-«6qS>  7»6.(I 

W6W7 

7*6197 

T96J56 

79641b 

796505 

616 

T96r4' ■-"'-■.-.  ^  -,■■■>. l-...-Si|79»«S» 

79*9" 

796990 

79T06O 

797 <*9 

rf7t*K 

617 

iS'ttl,  .,    ,,-                     -171  79TMJ 

7976.4 

T9768J 

T977(t 

T9T«i. 

79T»90 

«U 

»9-^4;'-.                   ■               ,-,r,7!7tg>3f 

flgJOf 

«ej»4 

798443 

r9»5"» 

79*»e» 

72l*^|_^.-..-.,        . 

-....«al79*''»' 

7552J* 

7M'MiT99«t>3 

799»7» 

IJT 

7M)4'[7s'*toq  miliTf 

7,9547»99»<6 

TiiSiiT 

799^ 

^99**}  7»9»>9»l79996' 

*;l 

Sooot«iSoao9ti  bMi67 

«oo«i4!Soojo 

"00371 

IN44* 

800 j.i  800580  g(»«4* 

«!» 

«<»7i7  gtW7S6  SooK{4 

iM>9t]  tO099* 

(oioto 

lo<.t9 

»0.i,B  801166 

801IJJ 

*ll 

lei4O4'*0>471  (0'14' 

goi609  80i*7t 

•0(747 

8i>ili( 

8o.8B4l8o'9i» 

BoKM. 

tJ4 

loMlgtloiicS  101:16 

lolt9{  SoijSj 

801431 

801(00 

80I(6Bi  801637 

80 170  ( 

«](   ;iOl774  *»1*4>S01^IO 

(01979  g0jO47 

8031 >6 

803.84 

Boji(i8oj3»i 

»013«9 

6J<>   |*OJ4j7  tojjii  )!oi(9t 

fij7  !t(»4>]9*04iog  B04176 

»:ojh6*;«O!7J0 

803798 ;8o;867 

80393(1804003 

B04OJI 

804344  *OM" 

RO44W  804548 

ito4tl6  804685 

804rSJ 

«tl    II04t«lo4g»9So.„H7 

8o<ioi(tgO(^ 

BO(>6ii8u(tl9 

»o( 197: 805 36 J 

8oi4JJ 

6!V   [»3((0 

801 J«9  lo(6J7 

10(705  |loi77 

10584. 

I0590S 

5 

to(9''«  806044 

So6tl  1 

■       ■(■   0- 

'      i      1      ^ 

,,  1   . 

5 

T    1    r    I    9 

H.MS  or  NUMIJEHS. 


ST 

1  f,. 

1      0      I      .      1      J      j      3 

1     ♦    1    1    j    6    1    r 

„.,,„l.»>„i!.,<,,s|,,*, 

4l«^fi^,,IRD'.ii.,l|lo'.^«'iBf>*'. 

.fin 

6(S 

si- 

66 1 

■■ 

,«6J 
««9 

til 

■^^^ 

*!■ 

3 

■*3 

f^M 

691 

(•on 

: 

8     1     »"I 

M 

^^^^ 

-    - 

^^^^^^^^^^1 

^^^^^H 

LOGARITHMS  07  XUMiJLRS. 


"OS 

JCi) 

7iO 

m 

713 

7n 

7'4 

7i5 

710 

717 

718 

7iq 

720 

r2i 

722 

724 

7-i? 

7  26 

f  *■.' 

728 

'29 

:y.^ 

731 

rj2 

7.^i 

o4 

:.;'• 

:r 

:^.s 

"?<* 

*■  1 1 

i:-.v^'J5j!s,"C095  850156  85621 7|i5-i;.j|8, 03401^5^40 1 !S^0462'i>5052.j'8565»5 
1X506461250707  ^507'";  X5cap,8£-Si>i!S50t>v-'S>5'Oi4'85iO"»5|S5ii;/'i|.S£U9- 

«>5 1258.^151  ;2C  ^iSi^Jii  -51442.^51503.355564  051625  S5i6Ji6|85i747jJi5iliob 
i(5i87oJ8$i93i  X51V92  ^52:53  85*ii4;f:52i75'S5223r.  X52Z97'«5235s!8524i9 
8524S0; JJ5254 1 ; K 52602  8 520o3i ^^'3 27 24" :;53-;) ^  11 5: .^4f»  8 > 2/0: |K j 290.^.^53029 
8530f/o'«5/J<5^"'r'5>-*»  ^>.i2/2  ■'=*5.i.?.>.rJ*5J.t94'^^S4  n  •^5?)  »6S53  57^1X53^3- 
85569X  S53TC9l.S;3  :2':j«553dXi'o5j9.HjX54032;i<54063  8541241854185  "^5^24: 


85672?)  8  5«>-r.9;  156^.5:.  S^»).)fj  X^»M^:o[Npj;i:s5r^oi'}:*5"i5i;8572i2  S572t.> 
.?S-?5i.8>-':93!85745;>-,:5!  ;  '85-5- ^IKj-o.?.'  S576.;4  85:'754!^578i  >  857875 


•^)V'599>979<i|859858j?5'^9!S'8$i;.;;7o.i;6J038.J;i)::i9S  860i5Js|Si)O2iS|S632;X 
>  6033^:860398 1 86G458ji::.;;5 1 81 8605: 1';  86063'*  :l;0vU97.htv.757't0C'S  1 7;  SOoS:: 


860937.S0C996 
861 534;  86 1 594 
8621311862191 
862r28j862-S- 


861C56. uiii  I  i6;8ri  1 1761861  ?  56'8()  1 295! 86 1 3  5 5'S6 141 5H?6i4-  5 


S6;;23J8(>3;i52  8o3442!b03  5Oi'80j5oi;So3620  865680. 8u3739|8637V^!863858 
8639i7jK6397-U.04C3o!i64Jv<>.5>i'4»Si!^t"^42»4'^'^42"4  •^^4>33;86^392|^64452 


74'- 
••  •  > 

744 
74> 

747 
748 

'1? 
-50 

">< 

7S4 
-;0 


S662H7|860M6'.S664Ori.'\66.:65'i:t-652.:.!^':.65S3'S6'..642;r6670i  iMirCDh.-^blUj 
c668t8  86h:)3v;8669i^6  86;05  5«j:i  I4!S6--;- ;jJ'w7232|i>67  2ui|>o'".":s:^;^0'r4Ci, 
86-467186: 5'2«j  1:6-585  :",6:644.i.'-7C3liio-702|86:S'.'.i  ^6-:iU:-  ^ !»"';.•  J !^''799S 
^6SC5^>j86Sll5^:.•■):<l74  00823^  •}6^.:92.o6:-{.;5c;X;»In4J.)  V(.:-.|6:i  ..::852:  iSj,S5'.o 
:>:.';j;«J44'o68703:Sb8?62;H68X:i|S6:%:;T  :.:86J:9.;;h:Lo.S«)^.7  ^6  ...3.;|.\C.oi  i4|rj)qi'- 

,"869232.1  O92t,;-h6,^3^^t>6'j4oJi:-'»0v  »'';i  *'»J05  2  >  •86.^5^4  001,642^X09701  JS09760 
l8698Jo;^69877  ^■^'••'W3v"i»9'.«>4  •/•-•:- S3  8:^1 1  i!»70iro  S-.j22-i|s702S7j;''>0345 
jbTO4C4•87C462..^7C•>.:l:S705?9'^'■c638.S•'0■:w!.•l:^.7C;7  5)•••7c3^'•^^0S:2!:•7J.)3:. 
iX7J9y9!87i047  .;ri  i-.'.  8-in  ^'S  •  i  22  5  i;?!  ;:i  ;b7i3  ..y'V?  i3»#S[i;7iJ  5'.>|  7151? 
•8"  1 573'  8'  163 1  jS7  h'»:.-"  '^7  « "  JN  »"" » ••■^•>  !*"  1  '.'')5  !".  .•  u;.*.  ?  '■ :  u^:  1 .8;-  :.">.; :. !  '7201;?: 
I87215U  X722i5.JJ"22-i:^-23.7i  8-2;>:.^,S:  :j.![;  :;:.^-..  .•.••i./:./.-.;  t*.'7.2i';72;i;i 

;S»2739  c;:2:^97i872855  ^7291  ^-iV^T  2|X73o^d;X  3- ^.'  '3  »I''»>- •.:2'4:--73i- - 
J8r3;2i!l.73rii:87;43:;8:349;. 873553  S736i  i  :-:  ,f.(..i  :•  3:  2- H- -3v;i^  i:'73S4.., 
'K7;902'S7;^6j;X743i8|8-40-6  8-;.:  .-4  8-411,2'::. -.^ivj  :-74/-o  S;  +  :f^:>|%-4.i  >.j 
■8-44ii2  0-45401:  -459:'r874056;874:i4  S74'-2  S'-4>>3J  II-.j^St's-.;'  .s':.  -5CC.: 

.S7 5*6 1: 87 5  I  i9*J.75i'"i8-5235;o-5i  ;V 8-^3 k- 1. 87 54/9  87 5466 ir.T 5)24 |i:7c 5^:2 
^75640  y.75698jK-:575t»iS7  5Si3'87s87iiS7  5929'J.-s9S7  8"»;.:45'S-'.  102!:-- 6 16^ 

!8?02i8  .S70276!8-033;  8-6 v»i" •'"•■■  ^'4-- .•  i*'^()^:>'  "•r'>:»'4  N-'v.'2^  ;>'">6..o  J.76:-- 
AV6T95  87<iS53lK,09ic, Ji'696oj^'":.v-.2o  b-  ::il^''i  7714  rs-'?i<iS  .'.■-:250.>"773i4 
X775?!J877429jS774Xt)-:.-7544'"877(i02'X-  7»i59  87-717  877-7.:iO-   •■»-.',j:.-7Sb"r,. 

:87-.>47;8-:^cof!.«.78o62:J,-8i  i</8-j;i'7;i'."':234  87i?2T-."8-o  :  ;•..:;- 84 ^.':•'..-^.4e4 


*i.-8522  878579'o7a6:7  ^7"^v4  :^"-'75  JiS-JiSO:;  S-V^'   :•?•;■:■  v-^- 
^-»>C'/rti-9i5^  8-921  i''J'.79~«V.j  ■"i-9:25^:-.,3    ^  I»:v;-r''  >  "»•••■ 


■OC'3 


S79C69:o7i,;2o  8-i;78.i  .I'lrMi  ••:90  9t'i. 'i;.r.);.f»  '.•"coi  J  S" .  -    :.,.-•  L  :;.•  i  .•  ...|X 


««•■   ^^      »»^«da    ^Mbft^MriMiri 


^ 


GABtlUMS  OF  KUMBERS. 


:    Mltii  » 

<   MitM  r. 
Mi«e<  - 


,   si7»i7  "■ 

;     IBtl? 
L    iSS74i 

tSglM  t 
>     88yl6l' 

1    S 90)10 


RHju; 

(1+909 
iK60)9 


shifts  I 
89} »: 
»9J76i 
'94J16 

S«870 

H96SI& 

7B9   IS9J077 


B9J16: 

««*■; 

8o49»s 
<9M7» 

896o)f 
It96i8i 


"4)99 
8»496( 

t«6096 


I86r)» 
IS6716 

.-,.-,, ,  «j»lo 

8»77iO|8iT7!<*  »*784< 

ll1llf]|SS8909 

»"i94I4i**94TO 

«t9974|B9CiOJO 

<9OSJJ,*90s»9 


Ml7S» 
ISjltg 


I(8m(}  g«4Si 


IBtS09 

«n77 


XS1717 
gg»i»7 

»8j«I4 
IS400t 

88170© 
88616) 
886819 


8g95i6<8ll9iE>'Sl96]8j«l96»4'8Kv7K4:    . 
t9a»16:89Oi4i>890ig7:«9O)fJ'89eje9|lf03( 

8^0644  X9070oi89o;{6'89o8ia<B9<iS»iS99(4 

910911891147  g9itO]{89ii;9:89i3i4U9ij7o|89i4]»[iti4l 
<t9i649]89i;ot  891760189'' '6'g9'i7»U9i9^8'I9i.9gi|894an 
89iio6,'e9ii6i  I9tji7,89li7j 
89i;«it 891818  •9tt7}'l9l9i9 
i-iii't'MWJ  8»J4i9|!9.U*4 
8»j873l 891918  8flj9K4  «940]9 


»944>7 
I949S0 

him 

89608} 
8966J6 

897'»7 


«9++»: 
89SO]6 
,K9t{g8 
896140 

»97£4! 


88)644 

886109 
886; 7J 

88tjj6;887J9^ 

88)8981 8IT9CC 

,...,-,  Sg84tO|8ai5i» 

|9SS96t[ 889011 1 889077 


89{09l  S9P' 
8at6dt'Sat6( 


894ii»  »94i9jl»9-t648jg94J<H 


l94W{UW>l 

.,  -  I  ..  .  ,  ,,-    »9i»i7  S9iJi»^»*Ji* 

Ht64)  S9{699|89STS4t8){8o9  Iv58«4  Ifw* 
M 1 9i !  8961  s  r  896)06 ,  896]«  I IM4  •«l>t*t>* 
S96747'89e»i  896817  g969li|8»*967iStKW 
'97197! "97; ti|89T407  897461  |89T  ■      -  -- 


793  8916; 
791  j89«'7( 
791  89871. 
79)  1*99173 

794  |>99Sw 

795  900367 
J(|6  [9009 1 J 
W7  9D'*!« 


>  90J0fO 

r  90j6] 

'  9<H'74 

I  9047 '( 

I  90J»46 

;  905^96 

;     9o6}j( 
■     906S7J 

:   90T41 
I   907948 

r  908481 

909e.11 

90>m6 


8976K1 
8981], 
89S780 

899J18 
S99475 
flMHl; 
900968 
901513 
901057 

90J'44 
903687 
904HB 

9047: 
90(31 
9058(0 
906389 

90746s 

«o8i39 

9096^9 


<97  7]7 
S9I186 
8,88,( 
»99]g3 
899930 
900476 
90IO»i 
901(67 
901111 
9M6|( 

903 '9* 
»«J74i 
90418] 

904814 
905364 
905904 
906443 
9069!! 
90/(19 
9080  J 6 
VOH19. 
9091(8 
90966J 
.:ot97 


80779: 
898,4, 
898890 
899437 
»9998S 
900JJ 
901077 


K9;847'89790i  897657  89801  i|K^K0A;{m 
898i96jl9g4(r  898506|l9856i  S^^'xrM' 
8989441 898999!  899054 1 899 109 1 1^9 1 64 1  <(V4"! 
899491. 899 147  89960.  8996(»f 89971  l|»»»T«< 
9000J9  9000941900149  900 ioj«ooijl)9»ji: 

9005  86 1 9OO64O'  900095  900749I9COI04 Uoolj 
-      86  901140  90<a95|9^'n9t<«^^ 

9016761901731  90t78(  901840190. - 
901166  9Oiiiij90ii7{l9Oi3i9|90ij84  '■•■•- 
'64'9g»8i8i90ig7j[9OH'"  '^- 
9OJI5) '903307: 903)6 1  |fOj4i6|90347= 
90379i|9O3849l9039O] 
9<HJJ7.9a4I9'i90444( 
904*78(9134971 19049»6 
905418 '90547 1:905516 
90 j9 J  8  9360 11  90606  5 
906497  ItiM^p  9O6604 
90703) 
907(73 
908109 


^907 141190; 
9976161907680, 
908163:908117 
908699:9087- 
90913  s '909188 
9^T73!90>8»J 
91030419103(1 
9io8]8  910II9. 
,113719.141. 
)i  1903911956 
(r  1435911488, 
fi 1966  9130191 


LOGARITHMS  OF  NTMBF?.^ 


•  — 


T.o. 


I 


8x0  91)^14  913867  91S91C  9*  ;v*i  ^'4^-^  ^*'*-'^  ^  -': 

82J  ,9i4343i9M3*^^  9'4449  ^'45=^  5'4?'55  -.4^-'  ?J4*»=  ='4" 

82«  '914S71, 9149*5  9*49-"  9»5^."=  V»5^*i  ?-^'.»^  T-?:-- 


«  ■  ^  >.  :  .  . 


-  — -I 


:: 


9i59Z7:9i$V^3  91605^  9i62»f  wJ^ij*  9»tiw.i  -i^i-J  -*t 
9i64>4"9i6j3- Vf6;;9'9i6»>i2  v^^^4  i'*»''"  •*""  -  " 


■    •      1    i    • 


--        I 


'/-:•! 


9i"'>05!9i7j58-9J''6i3'9i-66ji«ii '-15  91—**  ^i**::  c  -' 
i8oio'9i8o>ij  9i8i3;M8i2$^.9iSi4i  y<'^-^2  :ii:^:  y." 
i8^fl9i8607  v'8^?»?'9»8-i2  gj^-^i  5t^*i-:  i-*»"^  r   '  - 

91^378*919130  9>9. 85  9iv)i;;  qicii^- '^i^  41  •r-''^^-  «   -* 
9i969ii9i96j3'9ij-35-9iv*{SSi9^*^  ^'v-^^  •!  — •-  V   -v 
920122:9331")  92::'a2>  923:!?:   .1:;;:  ?=-5^-  wii^;-:  ji:**-  -i:;i.  :i::   -| 
92064^192,69?  9X3-'49l4ic^3i {9:^553  MJ3yS6  ri:c;*  wic:  ^:-.   ?:  11.:   ., 
921166(921218, 92i2-i'92ij:2!92Jj-4. vii4i^  «i2U-^  c:r:;:  -:    ;»:  :-  ^.'J 
921686I921738  92it^c;q2iJJ42!^2jN94Jv2I946  451^9^  J  —  :::  ji:   ::  i::::.; 
9222061922158,922 5 r3'y22;o2i9224i4«92;4'^6'y 2251^*^22:-:    .2:':::   -21*-, 
922725.922-*77  922ii2..i922^Si>922935J922i^S:  42535-  yiji**  i:;-^:   --.^r- 

923244  92.;i9^i  92S34?:.i2jjV9|.,234$i!v=Jf:;  v=.--v":y=:-"  r:;*:.*  ;:;-: 
9a3"62;925Si4  923Sh,'92  jui-;92;^6>jiM2j3  2i  „2aZ'z"^isi^^  "i*"'*  -^-i--* 

924279  92453'  9243*3. '^24^S4i924-r^6  92455\^24:rc.'924*i:.-.^---  -li---- 
924-96  924i4S;924S9^;y24»,^i'925332lv»5^;4;<*25i-*.w2;.;-  ,2:2::  -.jri-.:. 
92S312.92S364  9254«5  9254<»"  V-55'»  9*J5"-i925'^»'  v2."-;  ,2-;^  ^2.---'=' 


925828-925879192^931 
92C 342  926394,926445 
926U57  9269081926959 

92737o:9274**j927473 
927S83i927935J927986 

928396.928447192X498 

92890'>i928959i9290iO 


J70 

J7I 

J72 

!73 

:-4 

'7? 
76 

ft 

'8 

•9 


9294i9i9294'*Ol92952i 

92993O:  9299S  I  '93033  2 
930440930491:930541 

930949  93 » 3^0  Q3i05i 
931458  93 » 5^9-93 1 560 
931966-932317.932068 

932474  932534  9325^5 
9329^1  9:;cii;C,iS»^Si 

9354871973,3^  9>3S<ii» 
93  3993:9  54"-i4  9?4^94 


9259.2 
92649- 
92:011 
92-524 
92833^ 

928549 
929061 


93449**  934549:934599 
935003'935354i93>»^4 
93iS07  93>555^,93>^3*^ 

936011   9  JCiDC  1:930  I  11 

936514  93^i64'''3^6i| 
93-016  93?j'6ii  957  I  iij 
93-518  937;6S!93"»6i6 
93K019  93X069  9>Sii9 
938520  9{^570  93^620 
939020  959373  9{gi  20 


9-"95"2 
95-3X3 

930592 

93* 102 


926034 

92654S 

92-362 

927576 

928ot>8 

928631 

9291 12 

929623 

••30134 
930643 


926oS5l926i3-l92^ii 
*>266r3lo2665il9i6-3; 


826  ;9i0983"9i7033  9i-o85'9i-i;S  91-ioc  ci-2i:  w'-2ic  c   -T."  .  -^r:  c    m 

827  ' 
828 
829 

"830 
831 
832 

83  i 
834 

835 
836 

837 
83S 

^40 
841 

J4X 

843 

844 

845 
846 

847 
848 

ilL 

850 

851 

85a 

853 

854 

«5$ 
856 

857 
8j8 
859 

860 
86  c 
86i 
863 
864 
865 
866 
867 
S68 


927ii4|92-i6;|92-?i6'i:-i-. »  y2-;i-y 

92-62-   92-6-?jv2--3-J-2--«l' ,2-»  j2 
9tSl43j92Sl9l;^2?242>2^23:I,<2-  : ;  ■* 
925652  92S-3;'92i---    f2''tC5|^2^»     1 
929163  9292l45u2^2r  -    ^3^  ;  i '{y  2^;*:  * 


933185 
93C69; 

93ii5j'93i23j  s3»--:4 
93161&I93161J1  |93i-i2 
932ii8|932i69!932220 

9326269326-7193272- 


V.;:"3JJ93W83 
9>S6jv:93S^:^0 


9296-'4  ,29-25192;*"^  42^M'',^z^^ 
9i3236lw3  =  2^-»  VS^JJ^'-?;-.: 
93--4> 

931^14  :*3isr^4'y5i.., 

932321  ..52r2  ^324^- 
y32^2  :■..?!.-,  ^llu 


931-63 

<*322-i 

9;2--S 
v352-4'v332'ij  v3?3?i  '*::>•'=>;«* 3 UJ"! 


9.Ui45'934'95 


9395*9  939569  939619  939669 
94CO18  9433^)8 '943 II i<  94J16S 
743516  943566.940616  94C666 
941314  94:064  941 1 14  941 i6t 
941511  941561  941611  941603 
942338  942058  94210-  94215- 
942504^42554=^42603  9426,3 
9*3000  945049  943c;',9|'*43'4^ 
M4;.494  943544  943>-5!  .43643 
1439.S9  944038  941-  Sr.44';7 


^34650 

•*3>'54 
935658 
9{6i6x 
930664 
93-io? 
93-UijS 

93i£670 
939»70 


934-03 
**35205 
93S"09 
V36212 
^36715 
93-21- 


V33-40 

93424^ 

•*34")i 

935255 

'*35759 
936262 

936:'65 
95-26- 


M3379» 
>42»y6 


937''iH  •.«37"'i9 
93"'2io]93S269 

9;^-2:.:93«7''0 


0 


1 


2 


039220 

930-19 
940218 
940716 


939270 

9?9?69 
94- -6- 
943^65 


934"'^! 
935^-9! 


933 -4 »  vjj''v2'"»3'=.«4  5 
-'HiL   ^^t'.v!^y;44-; 

v34^3'i;y34^-2!9;4'*-: 
9i535''j^3  54-6  9354  ' 

/3'''*'«:.935^'-i9.MV-^ 


93<'3l3!93636jJ93^4»3W364''>r 
936Si5j936iJfe5ja3»)9i6'936^f.'.i 

9j"3i7  93-:''-|Mr4'S  93"4"^ 

93"Si9  93"tV'|93-4i9'93*9'^ 

938319 '•'^'-'■ 
938823 

939; « 9 


1/398 19 
94-31- 


93S'v-G 
939  >S 


939St>>: 
(J43;6- 


9;.3-M5l943S6, 


94r2i3  94I2^3•94I313, 941362 

94170  :^4i:G;j:y4iS3.;J94i'59 
942206!  9422s6;942306jv423  55 
942801 '942^5 1 


942-31 

943^9''* 
44)692 

9.'4'>i6 


942752 
94324- 


M4329" 


94^:42  943-9' 
944 2 36 '9442X5 

5      I      ^i 


943346 
•^43 '54' 
944; 5 > 


93^4*0  93^4-:^ 
938923  93it9-i 


9?94'9..9394^N 


: 


9;99i8'939.,r.S 
940417  94 "4^1  • 

*i409»5;943i'M 
^41412-941    :.i 

,,424.:^j'>4  24^'»' 
.y4i9OOj04-i>>: 

943396  94?^ 4  S 
943.SgOlijnii;.; 

94-i5^4'9i4l3? 


\) 


C 


■ 

^^^^^^^r 

^ 

■i 

■ 

^ 

mk 

0      1        1       1       2             ^      1       *             ^              "             ''' 

li — 1 

"            ]                                 44           44            -H         944779  S44Bsli  944'7t1m4^ 

R 

94S»7»94S3i'  'J 

S 

j                94S7*4  94S»'. 

H 

1                946*5*  *46l-'   ■ 

M        B  946747  94tTv' 

9947^3894-=^- 

9^4"»*947-- 

8  94*1.7  94^" 

^H  * 

as\            -94»706  948-^ 

^   '            6|94ol9i949;.. 

^      1 

94          1            4|94i6B)  1W9-: 

00     '             ik50i7d9S"^' 

6o|       6oBJ9S06s7  9ii^'- 

:fli>i4395 

1 

1                         K)         96 
9>»3a8  9i'3j6-9»*40S  9ii4,3 

5  9!'6'-o|');'^- 

^B     8vA 

95*501 

^,.,>j|v;- 

9i.;9»',9(»84*i9J*BS9  9S*93i* 

951,86 

9530341  ■'> 

^■198 

9(3*76  9(3Jis  9i33'3  9S34*' 

9 S 3470 

953514..- 

9»7fto  9y*^:9i3Ks?  9iliy 

953953 

?S42?!:1^      _. 

^^mpcT 

95414*  9i4*9'j»«J39 

954387 

954415 

954484 

}Uir-9i^  ' 

^Hl    43t 

9»7»3  9!477J9S4S*I 

954»* 

»S49>8 

954966 

9)iO'4 

9Si-' 

^H    !P1 

9Si»o'j95i»Jjl9iS303 

9iSJ^i 

9Si|W 
95jfSo 

95  5447 

955495 

tij'- 

W  ''"' 

9SS6M9«736, 95,784 

9S5K3* 

955918 

955976 

904 

956168956116,956.164 

956] ■» 

95636 1 

956409 

956457 

90, 

906 

9566491946697 1 95674  J 
9STii8j9!7'76i9S7»14 

95679* 

956840 
957310 

956BRB 
9)7368 

956936 

957416 

'**■', 

9OT 

9i7*07|9S76((9iT703 

957:'99 

957847 

957*94 

908 

95808695!!. 34  SSB'SI 

9S8"9 

95817? 

9S83*S  9S«i:.;h;k 

909 

95Bi64|9!S6i*  9(86(9 

9(8707 

9*8'li 

9!880j,.) 

910 

9)9=4', 9590S9,9i9'J' 

959184959*31 

9S9»»>^;.. 

911 

9S9S'*9!9i65  959614 

959661   919709 

9597i7;.i 

911 

9(999;' 960041  960090 

96013S  96oi8{l96oij]  9(. 

9"J 

960471  960j.B;ofiO(66 

96o6.j96D66.|96oT'>9!96o:i''!''''^=-i 

914   !9fiO946l9'099ti96'O4' 

961089961  i36|96"84  96nj',90"79 

9M  I9fii4li  961469  96'S'6 
916   'sSiUfl^lflftiSHJ  961990 

,6.56)196.6..  96.«(i 

(6.706 

«6.753 

96»3l 

961085  9611J1 

961.80 

96.2.T 

.6l.T;l,*.p. 

S17  '9e>369!96>4'7,96l464 

96*5 ' 

9615591961606 

961651 

,6»-,„ 

rj'il-i>i'uU-^; 

qiS  i96»8439<l»<90  96*917 

961985 

9630j»'963O79 

96J.16 

961' 

9'9   ''>6jJ'(96jj6ji9634'0 

963457 

96!(0496ii!i 

9*3599 

9*J*-' 
9*4.' 

9»D  |9<'JT88,96jgj5!96(BSa 

963919 

96)977 1964014 

964071 

nil 

964*609*43071964354 

96440 

964448:96449  5 

96454* 

96^;., 

9" 

9*473l'96477<  964Sl' 

96487i:9649'9'964966 

96JOII 

96^-■ 

9*3 

96s*0*;96i*49'96s'9' 

9*5343 1^6  5390:9'' 5417 

961484 

96^1. 

9M 

96(6;»,9S57.9!965;66 

9658.)  96^60,965907 

965954 

9b6,;.: 

9>( 

9*6i4i'966.8,966ij6 

9661S3  966,i9'966r6 

966413 

9664- 

916 

9666ci|9S*6i8;96670( 

9670B0I967 117  967173 

9667511966798966845 

96689. 

96h..- 

917 

9*7*io|96T»67ig67ii4 

96736' 

96-j 

918  |9''S48l96759i kS-'S** 

967688 

967735 I95I78* 
968103.96*149 

967819 

96-- 

..919   .  9*80 1  e;96ito6 1  968 109 

968.56 

968196 

96H- 

930 

9*a.*a3:%e853o  968576 

96861] 

968670  ^^STTf. 

93' 

9689501968996  969043 

96909a 

969.36  969iBj'.,c 

93* 

9694T6  96946*  969509 

9695;t 

969601  96964,  <,' 

933 

9*988)  96991B  ,69,7, 

97001 

970068  9701 .4 >- 

934  '9''°U7  97O!9'|9r04.|^ 

9J6   ';.^--.       "      ,'     "■""""* 
9J7      - 

9^04^ 

n?:n:'i;^' 

93*     •■- 

~a~l"~r 

■^^^^^^^^^^^^^^^^ 

LOGARITHMS  OF  NUMBERS. 


■ 

ic:- 

0 

1 

■    2             3 

4             S            6 

7 

a 

^K^ 

973'iM 

9-l'-4 

9-3"(.  ^3>66 

97JJ'3  973359973405 

973451 

9-349- 

i-i)43 

97J590 

,73636 

^^jbixgrn^t 

973774973810,73866 

9-39'i 

.r.;9!'- 

,■71005 

9740(1 

974=9' 

9-4i439r4'89 

974135974181 

,74.3  J  7 

9-i373 

9744r6 

9-4i!8 

974*041974650 

974696  9:474* 

974788 

974834 

97+88: 

9T4916 

9749'! 

,:i0.a 

9;f064  975riO 

■.75.56  975»oi 

975148 

97  5=94 

97S340 

975386 

90-478 

97i5>4,97!570 

9-56.697566. 

97570- 

975753 

971799 

9-5845 

'   .     «46 

975917 

9TS983  976019 

97607S976.li 

976166 

9761.1 

976158 

9-6;o4 

«4- 

V-OiSO 

976396 

976441  976487 

976i33!9765?9 

976615 

97667. 

9767.7 

9:676: 

^4^ 

U76S08 

976854 

976900  976946 

9769911977037 

977083 

977.19 

977.75 

9-:iio 

2*L 

I,-:  166 

9773 ■» 

977358977403 

97-449!9-'749i 

977541 

977586 

97-631 

97-678 
978.3s 

977769 

977815  977S61 

9-790619779511,77998 

9-8043 

97«:.89 

v^> 

^-KiKt 

97S116 

978171  97Bl'7 

978363'978409;,7g454 

9-8500 

9-8546 

9-859. 

L   ^'^ 

9-«6J7 

978683 

978718,78774 

97  88 1 9,978 S6s 

97S911 

978956 

9-9001 

97904? 

9-739J 

979138 

y79'84'979i30 

9:9i7,-j,7Uii 

979366 

979411 

97945-" 

979503 

9i4 

9.9548 

979594 

9''96J9j979685 

97973097,7:6 

y:'."!. 

,,■986- 

9-9,11 

97995S 

9;; 

i)f,O0O3 

980049 

9S03,Kl9«oi4O 

980185 

980131 

9B0176 

9'^^i  : . 

,K:,4.i 

^    9!* 

[,fD4(B 

98o503i9S^i49;'l""594 

980643 

9*06^5 

980730 

9S0--6 

980:111 

a!7 

980912 

;scUiW^^->i,.,s 

981093 

981.39 

981,84 

98.11., 

9i.|-;-5 

.•S,,,io 

95« 

9Ki]6; 

98i  +  .i9'l'4i'^9tMa" 

9'''54- 

9815,1 

,B,6'i, 

98.773 

_«?_ 

vSigi9 

9Si|864l9l*l9^919Srg;+ 

981000 

9S10+5 

9_8:39£ 

,81181 

981116 

960 

981171 

,Xi;i6  9>in6ll98i4a7 

9RT451 

981497 

981543 

(^(KS 

Hl.;63i 

98.^78 

9«i 

9lii7'-3 

9B<-ft9;9Sll!i4|9Bl8;9 

9S1904 

9R1947 

981994 

983085 

983.3-. 

tGi 

iSj'Ti 

9>>3iio;98.!i6Sl9!'3i'0 

98,356 

9M,-.  ■il'344'. 

983536 

i«358' 

,6] 

*Sj6i6 

983671  9S!"6  983-6'- 

983^07 

9iii!„^VjS,- 

..33,,.i- 

.•■+031 

Q64 

984077 

9B4'"|9«+i67  984i'i 

t*W7 

9H4305  9I4347 

9*43',' 

98^481 

96  { 

9K4i»7 

9S4171I9B46.79S466. 

984:07 

,8+7 5 11984-9- 

9S484J 

-84^X7 

|;K493i 

,1,6 

984977 

985011985067  985111 

985.5- 

9S'i;";9'ii4- 

9B5i,i 

■■8i3i; 

g».5iKl 

96' 

98i4»* 

9«i47i9''iii6i98(i6i 

98565. j98;696 

9>57L6 

985830 

96II 

9*SS7> 

98(9101984965  986010 

9*6355 

9*6.00986. 44 

986,^9 

«I61J4 

,86179 

970 

9863M 

9«6.^69|9864'3:9S64!S 
9R68ifi9«68h.l986906 

9^6)03 

yS6l4.3|9«6i91 
yK699"ji98-.O+0 

98663- 
987085 

986681 
^8773^" 

98ft7>- 

986771 

987,-4 

97" 

9*7»<9 

98- 164:987309 

98-353 

98-39S 

98744:1987+8- 

9875;^ 

98-577 

9S-611 

971 

987666 

98T7.l'9877i6 

98-aoo 

98^84^ 

9e7S9o;9a7934 

98-9-5 

98SO14 

4^8068 

971 

,88.13 

9KR157I9K8101 

988147 

988191 

958336'98838. 

9^8415 

,';S470 

988514 

974 

,88,-59 

988633 'y»'64S 

9K8693 

90B73; 

.^S878i>9g83:6 

9ESK-. 

,889,5 

jXhybo 

♦ 

97  i 

,8yX)S 

9*9^49' 9*9094 

989138 

989183 

9-1,117:989171 

989316 

98936. 

989-105 

976 

989450 

ij89494i98V!!9 

98.158, 

989618 

9K96;  1.989;  17 

98976. 

9'!98ofi 

^89X50 

9-" 

989X9, 

9*9959, V"??*; 

990018 

990071 

990117:990161 

99010ft 

990150 

,^'-'^9-1 

r 

97H 

990339 

99^.!  S3 199045* 

990471 

990516 

990561-99=605 

1,906, -l 

990694 

9907|8 

37(| 

99°783 

990817,99087. 

9909 16 

990960|99'O04'9,i349 

991093 

U9,i8i 

gSo 

991116 

9911-0:99131! 

99'H9 

991403199.448  991  i'7' 

•■91531 

,"^7^8^ 

976  =  5 

9)11 

99'669 

9917131991757 

991801991846 

99.8,0  ,,1,34 

99.9-9 

991013 

«ViC67 

9)11 

991111 

991156  99"0O 

991144 

9,111,8 

991333  9,1177 

,914-1 

99 --46, 

99-5=9 

983 

99'!S3 

99i59S;99>64' 

991686 

991730 

99n7499=''6 

991863 

J91907 

^9195. 

984 

991995 

993039  993083 

993.71 

993216,993160 

993304 

99334'' 

99339: 

9»! 

993+36 

993480 

993:M 

993568 

9936.3 

993*57  9<«370i 

903:45 

99.7-89 

986 

991»77 

993911 

99396s 

994009 

994053 

,,4097  9,4141 

991185 

994"9 

994173 

9B7 

994J'7 

994361 

994+05 

994449 

994493 

994!37;994i8i 

99461 J 

994669 

9947  13 

9SR 

9947 S 7 

994801 

994845 

9»4«»9 

994933 

994977:995011 

.,95064 

9^5.08 

995,5= 

_?!». 

99 5 '96 

995140 

995184 

9953»8 

^95371 

995416  9954fi_" 

99^i5£4 

995547 

990 

99J*3i 

,956-9 

995713 

995767 

9958.1 

99;8i4'99V89B 

995941 

995986 

956030 

991 

996074 

996117 

996161 

99610s 

996149 

99G19;  996336 

9,6380 

996414 

996468 

991 

9,6)11 

996555 

996J99 

996643 

996687 

996730996774 

9,68.8 

996B61 

996905 

991 

996949 

996993 

99703:: 

9970KO 

997114 

997.68  9:;7iii 

99TIJS 

997199 

997J+3 

694 

997386 

99T4JO 

99-474 

597517 

997561 

997605  9976^8 

9,76^1 

9U":;6 

997-79 

997,10199 ■'954  997998 

998041998085 

998.** 

998,71 

,9- ='6 

996 

99S1C9 

99830; 

99li34(';99''390  998434 

998477.99851. 

993564 

9986:18 

19865^ 

99" 

99B6S: 

998739 

99B7Bi|9983>6.998869 

998913  998956 

99,000 

,99043 

999087 

998  mgi33 

999174 

9992 '8i999i6i  999505 

999348  999J9» 

99143 : 

9.19478 

,.,9511 

0^9   199956; 

999*09 

,99651  9996961. ^99-39 

9997^3999816 

9<;98-P 

9.J99M 

9.1  ■■.■.15  7 

1      (J 

1 

"     2"    1       3      i       4 

.1      1      6 

"7         ;i     t    'J     \ 

i-ogarit/imic  JEiw*,  TVignt;  imdSeetlHr/. 

E71<i<  fable  contunfi  the  lagiriUmici  or,  u  thaj  are   soroetlmcd 
h  the  artificial  sines,  ungWtB)  md  MCUUt  to  mch  degrc 
e  of  the  qu;«)rani,  with  thor  comploiawtt  a^jfttincs,  c 
iix  placM  of  fignrM  beiidmaf  Index. 

b  i!n<f  lAr  Logarithmic  me,  Ca-abteftfrn^mKfJfiaiiieri^Jl 

If  Ab  Riven  degrees  be  uiiJMfl|fi  thejr  u«  to  ha  taken  fmm  ll 

the  iniiiutea  foin  the  1«fi.'JHnbi*Ui(  oppoaitelo  w!  '       ' 

linn  with  the  nunie  of  iho  ulbflpiB  at  the  topi  will  be   found  tbt 

ured  logarithm.     But  if  Um  degreea  be  mofe  tbWt  M.  thcjr  «illb« 

t  ihc  bottum  or  the  pure,  and' the  rabiatea  in  the  rightiUtj 

bltimn  i  likewise    the   nuse  ttfte  logarithm  totobe  tuken  rromlte' 

lotiom  of  the  page. 

When  the  given  degrees  eKc'oa J"  ftO»  Oitj  are  to  be  subtracted  fraa 

I^BO  degrecsiand  ihe  logarithm  of  the.renuuiHlertBken  out  as  beroit. 

~  r  the  lugai  illiinic  sine,  tungent.  Ice.  of  degreea  moie  than  90,  is  Ute 

lAgarilbmic  co-une,  co-taogeni^  &c.  of  their  exceu  kbore  90  degree*' 

*XAlfPLE& 


0      ' 

logarithm. 

Required 

1  the  teg.  sine  of     36  32 

9-774729 

. 

co-sineof       61    18 

9.68  U4S 

- 

tangent  of      5*  17 

10  143Je3 

co-tang.  of     43  io 

10  0.2877 

.1 

Meant  of         19  27 

10.0-iJ619 

- 

co-secant  of  70  33 

10.025519 

- 

sine  of           106  36' 

- 

or  sine  of            71  v4    ■     - 

9.976702 

- 

orco-sineof      18  36 

Vo  find  the 

Dt^tf  and  Afinulra  neareit  e 

Tickmit  Sine,  Co-n 

jje,  i^c. 

a  given  t^ 


Look  in  the  column  marked  at  the  top  or  bottom  with  the  name  ai 
the  given  logarithm,  bnd  when  the  nearest  to  it  is  found,  the  corre*- 
ponding  ilegrees  and  minutes  will  be  those  required,  observing  ihil 
When  the  name  is  at  the  top  of  the  columni  the  degrees  arc  to  be  tak' 
•n  from  the  top  and  the  minuies  from  the  Icfl  side  column,  but  if  th« 
name  ia  at  the  boitom,  the  corresponding  degrees  will  b«  tbefo  like 
jriee,  and  tha  Binutea  in  (he  right  aide  column. 
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XXAMPLES. 

The  degrees  and  minutes  corresponding  to  the 

log.  sine    9.265390  are  lOo  37' 
co-^ine      9  .J8t61  70     16 

tangent     9  701^6  26     42 

secant     10.23413  56      9 

The  logarithmic  sines,  &c.  taken  out  to  degrees  and  minutes  onlf 
Are  in  general  sufficiently  accurate  b\iiin  some  of  the  more  rigid  as- 
tronomica]  calculations,  it  is  frequently  necessary  to  take  them  out  to 
the  nearest  second  ;  when  this  is  the  case  they  ar^  to  be  found  in  the 
following  manner  : 


Tb  Jind  the  mne^  tangenty  to*c.  of  an  arch  ex/ire^sed  in  degreea^  minutca 

and  tecondt, 

RvLS. 

Ttnd  the  sinei  tangent,  8cc.  answering  to  the  given  degree  and 
tDinutei  and  also  that  answering  to  the  next  greater  mihute  ;  multiply  the 
diAetence  between  them  by  the  given  numberofHeconds,  and  divide  the 
product  by  60  ;  then,  the  quotient  added  to  the  sine,  tangent,  &c.  of 
the  given  degree  and  minute,  or  subtracted  from  the  co-sine,  co-tan- 
geni,  &c.  will  give  the  quantity  required,  nearly. 

If  the  arch  be  less  than  three  degrees,  it  will  be  accessary  to  use  the 
following  rule  :•»• 

To  the  arithmetical  complement  of  the  given  degrees  and  minutes 
reduced  to  seconds,  add  the  logarithm  of  the  given  degrees,  minutes, 
and  seconds^  reduced  to  seconds,  and  the  log.sinc,  tangent,  Sec.  of  the 
gpv^-n  degrees  and  minutes,  the  sum,  rejecting  10  fi*om  the  index,  will 
be  the  log. -sine,  tangent,  &c.  ot  the  proposed  number  of  degreesy 
minutes,  and  seconds. 

Tgjind  the  degreeuy  minutes^  and  tcconda^  answering  to  a  given  hgarithnQc 

sine,  tangent^  Is^c, 

RULB, 

Find  thedegrees  miautct  and  seconds  answering  to  the  next  less  logsf^- 
rithmic  sine,  tangent,  &c.  which  subtr-dct  from  that  given  ;  multiply  the 
remainder  by  60,  and  divide  the  product  by  the  difference  between  the 
next  less  and  next  greater  logarithmH,  and  the  quotient  will  be  the  se* 
c<Dnds  to  be  annexed  to  the  degrees  and  mioutc!)  before  found. 

If  tic  given  logarithm  is  that  of  the  sine  or  tangent  of  a  small  arch- 
then,  to  the  arithmetical  compK-ment  of  the  next  less  logarithm  in  the 
tables,  add  the  given  logarithm*  and  the  logarithm  of  the  degrees  and 
minutes,  in  seconds,  aitswering  to  the  next  less  logririthm,  the  sum,  re- 
jecting radius,  will  be  the  IPi^antt^m  of  the  nuRibex  of  ^t^cands  in  vhe 
required  arch« 
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43  Degrees. 
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2 
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'4 
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17 

li 

«9 

20 


Sine.   iCo-sine.  i    Tanjf.  l  Cd-tanfj^. ,  Secant. 


9.8337*3  |9-*64>»7'9-9696i6i 
9*833919 19.86401019.969909 
9.834054  9.S63892  9.970162 
9.834i89>9.863?74  9  970416 
9.8343^5  9.86365619.970669 
9.834460  9.863538  9.970922 
9834595  9.863419 


9-834730 
9.834865 

9.834999 


9*86330 1 
9-863183 


9-97M75 
9.971429 
9.971682 


9.8630649.971935 


9.835  I34'9.86i946  9972188 

9.835269|9.8b2827;9.97244i. 
9.83540319.862709  9.972694! 

9  972948 
9973*01 

9.973454 

9-975707 
9.973960 

9-974213 
9.974466 

9.974719 


9-8355J8 
9.835672 

9.835807 
9.835941 

9.836075 
9.836209 

9-836343 
9.836477 

21  9.8366?! 

•a2:9-83674S 
23;9-836878 

249-837012 

9.837146 

9.837279 

9.837412 

*8j9.837546 

*99-837679 

jO.Q. 837812 


25 
26 

2-? 


9.862590 
9.862471 
9.862353 
9.862234 
9.862115 
9.861996 
9.861877 
9.861758 


9.861638 
9.861519 
9.861400 
9.861280 
9.861  161 
9.S6104I 
9.860922 
9.  -60802 

9  8606S2 
9.S6CS62 


9-974973 
9.975226 

9-9"  5479 
9.975732 
9.975985 

9.976238 
9.9-6491 
9.976-44 
9  976997 
9.97*2^0 


3'»;9-i*38875  9  859()Oi 
39«9  839007 19.859480 
43|9-8jcji40j9'8s936j 

41J9.839272I9.859239 
42  9-83940419.859119 

4319-839536985899^ 
44:9-839668  t|.85X877 
45  9-859^0:)  .,.3s8756 
46.9  8399^2  9.S5«635 
4;  9-840064  i^.85:i>  14 
48:9.840196  9.8585'i3 
49[9-840328  9.858272 
JO19.840459  9.858157 

5 1 19-840^9 1  9.858029 
5-!9-840722  9.857908 
53:9  840854  9.857786 
5419-840985  9.857'>(>5 

55  9-841116  9.85'543 

56  9-841247  9.857422 
^7  9.841378  9-857300 
58.9.841509  9.857178 
>9'9.84i640  9.857056 

/."  .Cosine.  '    fiJme." 


3';9-837945  9-860442  9  97-' 503 
32|9.838o78^9.863322i9.977-5b 
3319.838211 '9.860202  9.978069 
34  9-83834419  860082  9  9-8262 

35.9-83«477!9-8S9962;9.9785i5 
36'9.83K(.  1019.859^421,,.:^, S.,  eg 

37'9.S38742;9.85972i  9.079021 

9.9"9'i"4 
9.97952-? 

9.97^780 

9.9'ooo33 
9.98-12X6 

9.980791 
9.9:^:044 
9.981297 
9-981550 
9.98  I  803 
9.982056 
9.982309 

9.9S2562 

9.98  28 1 4 
9.983067 
99S3320 

9-9^35".> 
9983826 

9.984079 

9-984331 
9.984584 

9-984S3? 


0.030344 
0.03009 1 
0.029838 
0.029584 
0.029331 
0.029078 
0.028825 
ao2857i 
0.028318 
0.028065 
0.027812 


0.02*7559 
0.02-306 
0.02*052 
0.026799 
0.026546 
0.026293 
0.026040 
0.025-8-? 
0.025534 
0.025281 


0.025027 
0.024774 
0024521 
0.024268 
0024015 
0.023-62 
0.023509 
0.023256 
o  023003 
0.022-50 

0.02249; 
0.022244 
0.021 99 1 
0.02173s 
0.021485 
0.021232 
O  020.;^79 
0.0207  26 
0.0204-3 
0.020220 


0.019967 
o  019-14 
0.019462 
0019209 
0.018956 
0018703 
0.018450 
0.0i8i9? 

0.017944 
0.017691 


I 


0017438 
0.017186 
0.016933 
0.C16680 
0.016427 
0.016174 
0.015921 
0.015669 
0.015416 
0 


0.135873 
0.135990 
0.136108 
0.136226 
0.136344 
0.136462 
0.1365S1 
o. 136699 
0.136817 
o. 156936 

o-«3:o>4 

0.137172! 

0.13-291 

0.137410. 
0.137529; 
0.13:647* 
o.  137766 

o.i3'?885 
0.130004; 
0.138123 
o  138242 

0.138362 

o.  1384S1 

0.13X000 

o.  J38T20 

0.1^8839 

0.1389591 

0.13907X1 

0.139198, 

0.13931SI 

0.n94?S' 

o.  i?iis58 
0.139678 
0.139798. 
o.  13991U 
o.  140033 

G.  1401 581 

o.  140279] 
0.140399 
0.140520! 
0.140640 

0.140761 
0.140881 
0.141002 
0.141 123 
0.14 1 244 
0.I4I365 
0.141486 
o.  141607 
0.141728 
0.141849 


o.  141971 
o.  142092 
0.I422I4 

3-«4253S 
0.14245- 

o  142578 

0.142700 

0.142822 


Co-sec.  .  M 

0.166217'  60 

0.166081:  59 

0.165946,  58 

0.16  *' 

0.lb 

0.16 

0.16 

0.16 


8iij  57 
675*  56 


540 
405 

2?0 
0.165135 
0.165001 
O.164S66 


0.164731 
0.164)97 
0.1 644(1 2 
0.1 643  28 

0.16419; 
0.164059 
0.163025 
c.  16^-91 
o.i63{»^7 

0.16^389 

0.163255 

0.16^122 
0.16  298  s 
0.162854 
0.162721 

0.162588 

0.162454 
0.162321 
0.162188 

0.162055 
C.l6lg22 

0. 1617S9 

0.161656 

0.16152^1  25 

0.16 1 39O'  24 

0.1^1258 

0.161125 

0.16099^ 

0.160860 

o  160728 

0.160596 
0.160464 
0.160332 
0.160200 
0.160068 

0.159936 

o.  1 59S04 
0.159672 

0.1  59541 


0.1594-9 

0.15927S 
o  159146 

0.15^015 

0. 15S8.S4 

0.158753 
0.158622 

o  i>^49i 
0.158560 


Co-tang.     Tani; 
4P  Degrees. 
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TABLE.  III. 

Mitural  Sines, 

In  this  table  the  natural  sines  are  exhibited  to  every  degree  ami 
minute  of  the  quadrant)  and  arranged  so  that  the  degrees  correspond- 
ing to  the  sines  are  to  be  taken  from  the  top  of  the  page  with  their 
minutes  in  the  left  side  columns,  and  the  degrees  answering  to  the  co- 
sines from  the  bottom  with  their  minutes  in  the  right  sifle  columns 

The  natural  sine  or  co-sinc  of  any  number  of  degrees,  £cc.  more 
than  90,  Is  the  same  as  the  natural  sine  or  co-sine  of  its  supplement^ 
found  by  subtracting  them  from  180<^;  or  the  natunU  sine  or  co-sinc 
of  an  arch  greater  than  90<3  is  the  natural  co-sine  or  sine  of  its  excesp> 
above  90®. 

.  To  find  the  natural  Sine  or  Co-sinc  of  a  ffiven  Alimber   of  Dtgrce^^ 

Minute*  and  Seconds  :■ 

Orf  to  find  the  degrees^  Afinutes^and  Seconds^  corresfionding  to  a  give?:- 

natural  Sine  or  Co- sine. 

These  are  to  be  found  as  directed  for  the  logarithmic  sines,  See.  ex- 
cept that  the  differences  to  10<>"  are  to  be  taken  from  the  bottom  of 
that  column  containing  the  given  degrees  in  the  former  case;  or  the 
nearest  natural  sine  or  co-sinc  in  tlic  latter. 

EXAMPLR  X. 

Required  the  natural  Sine  of'32o  2 1' 45",  or  its.Supplement  147°  38' 15". 

The  natural  sine  of  32«  21'  is 535090 

The  difference  at  the  bottom  of  the  column  containing  the  na- 
tural sine  of  the  given  degrees  and  minutes  is   409,   this  (         -g 
multiplied  by  45,  pointing  off  two  figures  in  the  product,  •    "*" 
is-*--  ---i.. 


Sum  is  the  natural  sine  required         ...        -        -  535274 

EXAMPLE  II. 

Required  the  natural  Co-sine  of  71o  40'  25",  or  108<>  19' 35". 

The  natural  co-sine  of  71°  40' is 314545 

The  difference  460,  nuiltiplied  by  25,  pointing  off  two  figures,  is  i— 1 15 

Remaiudcr  is  the  natural  co-sine  required         ...        314430 

EXAMPLE  III. 

Required  the  Degrees,  Minutes,  and  Seconds,  answering  to  the  natu- 
ral Sine  495994. 
The  natural  sine  next  less  to  that   given  is  495964,  answering  to 
Qu  41' ;  the  difference  between  this  natural  sine  and  the  given  one  is 


;i'-(Mhc  dccjTccSj  Scr  repuirrd. 


EXAMFLt  IV. 

Required  the  degrees.  Minutes,  and  Seconds,  anaweriqg  to  Uie  tatn^ 
ral  Co'&ine  j68aOS. 

The  nsitural  Co-sinc  next  greater  w  tli»t  given  is  366936,  to  wliidi 
iBswere  68021';  the  difference  between  ibbnutiiral  sine  anil  (h«  gimi 

131,  to  which  two  cyphers  being  added,  and  ihui  dindedty 
01,  the  difference  found  at  (he  hotiomof  the  column,  giTCb  iheqm> 
Isni  29".     Hence  69"  2\'  39'',  or  ita  supplcincDi,  llio  3S' 31"ar«tlB^ 

1,  &c.  required. 

iTo/nrffAc  natural  verted  Sine  <^ a  givfit  ^futnber  ofDegrte^tM 
and  SeetndtA 

'   If  the  given  arch  he  Icse  than  901,  (Jnd  its  natural  co-unej; 

P^btract  from  lOouoOD,  and  the    remainder  will  he  the  DUtrnl] 

B  required.     Bui  if  the  given  arch  exceed  90",  lind  the  n 

e  of  ita  supplement,  which  add  to   lOOOUOO,  nnd  the  tvi 

e  OiiturBl  versed  sine  required. 


Required  the  natural  versed  Sine  of  SO"  39'. 
'   The  natural   co-sine  of  SO*   39' i»  935753,  which  suhtr 
hoOOOCJO,  leaves  064248,  the  natural  versed  sine  of  20o  39'> 

EXAMPLE  tl. 

Required  the  natural  versed  Sine  of  1*6"  38'  40.'* 
The  natural  co-aine  of  33"  31' 30" (the  supplement  of  U6«  M** 
•  833374,  which  added  to  lOOOOOO,  the  lum   18^5874  is  the  uauinl 
nrsed  sine  required. 

fi^d  the  Degrett,  ts'c.  ccrrespmding  to  a  given  natnrat  venxi  jH 

J  Take  the  differenco   between  the  given  natural  versed  siaCj^P 
pDOOnOO,  and  the  remainder  will   he  b  natural  co-sine )  tlie  degrMli 
:orresponding  to  which,  xf  ill  be  those  required,  if  the  p;ivcn  naUl* 
I  versed  sine  be  less  than  1000000,  but  if  otherwise,  U  will  be  ihdr 
P«>plement. 

Bequired  the  Degrees,  3cc. answeringto the  natural  veraed  sin4 
1  The  nbove  subtracted  frqm  loooooi',  leaves  901035,  wbieh  b 
■natural  co-sine,  corresponds  to  35  <'  42'  20" . 


tcquiredtlie  Degrees,  Scc.answeriiigiotlienatural  ver^dSinc  l  II 
',  Here  lOOUOOO  subtracted  froin  the  above,  leaves  160172,  wbl 
t  as  a  natural  CO-sinc,  corresponds  to  SO"  46'  i^" ;  tbcr«& 
supidement  ^9"  13'  1"  arc  Ihc  degrees,  S(c.  required. 
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TABLE  V- 


A  TRAVERSE  TABLE, 
Degree  and  Quarter  Degree  of  the  Comfi<u»  or  JBbrixon, 

SXPLAKATION. 

bie  is  calculated  for  the  easy  and  expeditious  solution  of 
cases  of  Right-angled  Plane  Trigonometry.  It  is  general- 
d  a  useful  and  requisite  assistant  to  the  Surveyor,  the 
and  to  every  onct  who  has  any  concern  with  trigonometry 
zhe  of  his  profession.  The  manner  of  using  it  must  be  very 
til,  who  are  acquainted  with  the  principles  of  that  excellent 
:eometry  ;  but  to  those,  who  have  only  a  superficial  know^ 
B  subject,  the  following  description  and  examples  will  be 

able,  one  of  the  acute  angles— -whether  given,  or  required-^ 
45^9  is  found,  to  the  nearest  15' at  the  top  of  the  page  ;  but 
n  45^i  it  must  be  sought  at  the  bottom,  where  the  numbers 
1  a  retrograde  order.  And  whether  the  angle  under  consid* 
at  the  top,  or  bottom,  the  Hypothenusc,  if  less  than  12o,  is 
Oistanee  column  ;  against  which,  in  a  column  marked  Lati^ 
nd  the  side  contiguous  to  the  angle  ;  and  in  a  column, 
fforturej  the  side  opposite  the  angle. 

e  given  numbers  exceed  the  limits  of  the  table,  any  aliquot 
as  a  half,  one  third,  tec.  may  be  taken  ;  and  those  found 
ing  are  to  be  doubled,  trebled  &c.  that  is,  multiplied  by  the 
I  that  the  given  number  is  divided  by. 


KXAMPLE«U 

e  Hypothenuse  of  a  right  angled  triangle=96  and  one  ox 
igles=r33o  45' ;  required  the  sides. 
1^  43'  at  the  top  of  the  table,  and  against  96  in  a  Distance 
t  found  79.84  in  a  Latitude  column  for  the  side  contiguou«i 
angle,  and  53.34  in  a  Departure  column  for  the  side  oppo  • 
m  angle. 

e  sides  of  a  right  angled  triangle  be=89,33  and  66.02  -, 
e  angles  and  Hypothenuse. 

ting  this  table,  till  these  two  sides  are  found  against  each 
Dining  columns  of  Latitude  and  Departure,  the  angle  op- 
mgest  side  is  found  to  be  5%^  30',  the  other,  36^  30'  and 
enuse,  111. 

uuier  all  the  cases  of  Right-angled  Plane  Trigonometry 
ily  solved  ;  but  for  more  parttcvktr  itireclions,  bfoks  on  this 
aid  be  coDsnlted, 
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The  Senu-diuneter  of  the  Sun. 
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EXPLANATION  AND  USE  OF  THIS  TAULE. 

1l 

The  Decimation  of  ihe  Sun  is  an  arch  of  a  uiericiian  conlajq^H 

between  its  centre  and  the   equmoctial,  wliicli   arch  is  rcckone^^H 

k       In   the  first  (]>ua(Irant    of  the    ecliptic.   Troni  about   the   31s^^H 

^MMai'ch,  to  llia^lai   of  June,   tbc   Sun'»  declinaiion   is   Narthi  ^^^| 

^^crcasins  ;  and  in  the  lliiid  ijuadrant,   bct^veen  ihe  SSd  of   b^^| 

^HtmLjer anil  3ls[or,  December,  theSun's  dcctiminon  ts  South,  ^^^| 

^Kcreasing      In   the  second  quadrant  of  ihc   eclijiiic,   from  >li^^| 

^■le^lttorjiine  totheSScl  of  September,  the  Smt'i  tJcclinniio^^H 

^fSorihi  and  ilecrenstng  ;  and  in  tlic  fourih  <juadian>,  bciwccn  i^^l 

^rSlsl  uf  Dfcembcrand   the  3Isl  of  Miircl!,  thf  Suii'»  tlcclinatioB!^^! 

H&iui'i')  ai  il  decreasing;    wluch    will  be  readily  perceived  bi^^^H 

Flilteciiiig  thetable.                                                                                   ^^H 

Jo  tliiaiahlettbeSuft'adeclinatiprt  is  given,  from  1]ie year  IttN^I 

TABLE  13. 


17? 


Difference  of  Altitude  of  the  PoU  Star  and  tlie  Pole^  at  different 
distances  ^f  the  Star  from  the  Meridian. 

As  the  pole  star  is  generally  khownt  that  no  opportunity} 
thercforct  may  be  lost  for  determining  the  latitude,  this  table 
is  inserted*  the  use  of  which  is  as  follows  :— 

Find  the  interval  between  the  time  of  obserTatiofi-of  the 
altitude  of  the  pole  stari  and  that  of  its  passing  the  tiieridian> 
and  take  out  the  corres(>onding  equation  from  the  table ; 
which  added  tOf  or  subtracted  from  the  true  altitude  of  the 
pole  star,  will  give  the  latkude  of  the  place  of  observation. 

« 

Examples. 


I.  Let  the  corrected  altitude  of  the  pole  star  be  46*  lo'  K) 
observed  8h.  30^  before  its  passage  over  the  meridian.-  Re- 
iiuired  the  latitude  ? 

True  altitude  of  the  pole  star  -      *  46*  lOf  N. 

Eqtiati<mfroaitablel2toth.30'        -     4.     1     5  . 


Latitude 


47  UIN. 


^  II  At  lh«  10'  after  the  passage  of  the  pole  star  over  the  me^ 
ridiAn,  lu  altitude  corrected  was  5S^  5H  N.  Required  the. 
latitude  f 


True  altitude  of  the  pole  star 
Equation  fromUUe  13  to  Ih.  10' 

Latitude  •  • 


58»  51'  K. 

I    42 


57  9  N. 


TABLE  12. 

Difference  of  Altitude  of  Pole  Star  and  Pole. 

Argument    DLstioicc  of  the  Star  from  the  Meridian,  in  Sidereal  TIiQo 

SUBTMACT. 
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